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SYNOPSIS. 


The histogram method of depicting features of local climate has 
attracted little attention, but is valuable and deserves wide applica- 
tion. When proper methods of computation are used it not only illus- 
trates features of climate clearly and concisely, enabling many ques- 
tions to be answered, but it aids in forecast study by separating out 
from the mass of obscuring data days and periods that present recurrent 
anomalies, so that the cause of such departures may be ascertained, 

e histograms (frequency polygons) presented wi per are 
numerous and each contains Wathen itself the data for the me as period 
of 30 years, showing by the height of each column of the polygon the 
on cent of times that each variate has occurred. Special features are 

riefly discussed. The influence of snow cover in causing a double 
mode in the minimum temperature of December, January, and Feb- 
ruary, especially prominent in January and giving rise to popular 
belief in a ‘‘January thaw,’’ and again in directing a skew of the curves 
in February and March toward 32°, is pointed out. Variations in daily 
cloudiness and precipitation and in 8 a. m. humidity from month to 
month present interesting features. An anomaly in the monthly 
precipitation at certain stations in January, February, March, and 
Ay for the past 75 to 100 years is mentioned for discussion at some 
other time. 


INTRODUCTION. 


The histogram method of statistical research has been 
so little used in meteorology and climatology that we do 
not find in the Meteorological Glossary of the British 
Meteorological Office, for example, either the word 
“histogram,” its equivalent “frequency polygon,” or the 
word “mode,” corresponding to the German “scheitel- 
wert’’ (most frequent number of times that an event is 
found to occur). Hann in his Klimatologie (1) and 
again in his Meteorologie (2) in a discussion of scheitel- 
werte based on insufficient and manifestly limited and 
incomplete data, condemns the use of the mode in 
meteorology and climatology, but the objections he 
raises can with <rer validity be applied to the mean. 
It is true the mode requires greater labor and skill to 
obtain than does the mean, but is it not of nearly equal 
importance in general and may it not be of greater im- 
portance when biological questions are under considera- 
tion? It has been of wide service in other sciences. The 
re histogram goes a step farther in including all the data. 
baie With the latter a curve of frequency distribution is ob- 
ie tained that in some cases corresponds to the normal 
probability curve of mathematics and may be stated by 
a mathematical formula. 

The mathematical phases of the subject have been ably 
discussed by Marvin (3) and Tolley (4) in the MonTHLy 
WeaTHER Review. The present article illustrates prac- 
tical application of the method, without the use of 
mathematics, as well as its usefulness in answering ques- 
tions of climate, and, not the least, in bringing to light 
and permitting the cause to be determined with compara- 
tive ease, of anomalies in temperature, rainfall, and other 
weather elements. 
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CLIMATE OF BINGHAMTON, N. Y., SHOWN BY THE HISTOGRAM METHOD. 
By Joun R. WeEEks, Meteorologist. 


[Weather Bureau Office, Binghamton, N. Y., Feb. 28, 1921.] 


Binghamton is located in latitude 42° 6’ north and 
a go 75° 55’ west, at the junction of the Chenango 
and Susquehanna Rivers, with an altitude above mean 
sea-level of 870 feet. The surrounding country is “hilly,” 
the hills rising to altitudes of 1,300 to 1,800 feet above 
sea-level and being dissected by many creeks and ravines. 
They are composed of slate rock and covered with glacial 
soil. In a radius of 30 miles there are 75,000 acres of 
forest. Varied crops are grown, including tobacco, 
hops, cabbage, beans, potatoes, fruit of all hardy kinds, 
especially gsr but the principal agricultural product 
is milk, of which the county marketed $1,750,000 
worth in 1919. Large factories of wide reputation occupy 
scattered portions of the valley, one concern producing 
$75,000,000 worth of shoes in 1920, but the city is not 
in any way congested and the city heat and smoke do 
not affect the climatic records. One-third the population 
of the United States is within 300 miles. The drainage 
area of about 4,000 square miles slopes from north to 
south and is fan-shaped with the city at the handle of 
the fan. The weather data are homogeneous, taken with 
standard instruments and exposure, the latter remaining 
practically the same for the entire period. 

The histograms have not been smoothed save those of 
the daily oo and the monthly ranges of 
temperature. ese it has been necessary to correct by 
a+2B+c,b6+2C+d 

4 4 


in recording the data, decimals were discarded to the 
nearest degree, giving the halfway decimal to the even 
number, thus causing even numbers to predominate in a 
given ratio. (5) The necessity of a formula to remove 
this unevenness could have been avoided by using classes 
of 2° or 4° instead of 3°, but one class seemed too narrow 
and the other too wide, a class of 3° being best. The 
formula is perfectly 

Each histogram contains within itself all the observa- 
tions of the 30 years and the height of each column repre- 
sents the number of times each class was observed during 
that period. The scale is stated in ae of the 
total number of observations in the histogram because 
percentages are usually desired, and, furthermore, because 
stating the results in percentages on a uniform scale 
removes the inequality between histograms containi 
different numbers of observations, those of January an 
February, for example, and makes them directly com- 
parable. To obtain the number of observations in each 
column, instead of the per cent, all that is necessary is to 
multiply the total number of observations in the histo- 
gram by the per cent in the column. One must learn to 
think of these figures as frequency polygons and not mere 
illustrative diagrams such as are sometimes used to 
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depict monthly amounts of rainfall, wind velocities for 


certain periods, etc. 


Those who wish to use the method can save much 
time and labor and insure the accuracy of count that is 
essential by following a definite system. The writer 
prefers the use of 13-to-the-inch cross-section paper in 
sheets of 8 by 10 inches for classifying and counting the 
variates, as illustrated on a reduced scale in figure 1. 
Distinctive marks are used to distinguish different periods 
of years, or different record books, etc., and the accuracy 
of the count is checked by separate summations of the 
marks used as the work proceeds. These sheets, after 
the count is complete, can be made of further use in 
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that afford fascinating visions of periods and cycles, but 
must be allotted to chance unless physical reasons for 
them can be discovered. Unfortunately, from a forecast 
standpoint, one or the other of two views must be as- 
sumed. If the conditions are due to a laws and 
are cyclic or recurrent, then we must foreeast one thing 
or one way. But if the conditions are due to chance 
combinations of weather elements for the day in question, 
then we must seek out, if possible, the particular combi- 
nation and forecast saree ly the opposite. In other 
words, if chance has caused the distribution on one par- 
ticular day or days to lie to one side of the normal fre- 
quency polygon for that period, then the probability is 


CHART USED IN COUNTING DISTRIBUTION OF DAILY MINIMUM TEMPERATURE AT BINGHAMTON, NEW YORK. 
30 YEARS, 189! 70 1920, INCLUSIVE. 
JANUARY 
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Fia. 1.—Illustrating how the count of variates is made and summed and its further use in forecast study. Original size, 8 by 10 inches. 


forecast study, and lines have been added to the illus- 
tration that show how this is done from year to year. 
Certain days will be found that seem peculiar; for exam- 
ple, January 7 of figure 1. Some hold that the cause 
is recurrent and physical, though as yet not determined. 
Others hold that it is accidental and due to chance 
combinations of the weather elements on the days in 
question. Whatever may be the cause, the histogram 
method enables such days to be separated from the rest 
and studied individually. Again, when the frequenc 

distributions of separate weeks or periods are compared, 
or separate series of years, wide and contractions 
of the distribution and shifts of the mode are found 


that further events will tend to the opposite side of the 
polygon, and forecasts would be pointed that way. On 
the other hand, if the shift toward the right or the left 
is due to physical causes, then the forecast should be 
pointed in the same direction as the shift, and not in 
the opposite direction. 

Nothing will take the place of the daily weather maps, 
but the use of probabilities has some value in weather 
forecasting (6). 

The histograms can be reproduced by milliograph, 
tracing, and solar printing, or chalk plate printing. For 
solar _— the positive print paper sup Tied for drafts- 
men has much better keeping qualities before use than 
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blue-print paper. Much of the lettering on the tracin 

can be done with a typewriter, a heavily inked blac 

ribbon or a carbon-paper ribbon “20 pound”’ being used, 
and the backed with carbon paper with 
face forward. is makes a print equal to India ink 
and photo-engraves well. I find the millimeter cross- 
section paper best for drawing the histograms, or 20-to- 
the-inch cross-section paper may be used, both of which 
can be obtained printed on tracing paper, or if on heavy 
paper it may be made transparent after the drawing is 
complete with the fluid furnished draftsmen for the pur- 

ose. 

3 However much the days and weeks and shorter periods 
of years may vary among themselves and thus afford 
material for study, the monthly and annual modes based 
upon a sufficient number of years are as permanent, com- 
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paratively speaking, as|the means for the same period 
and afford additional valuable information. Figure 2 
illustrates this feature of the method and shows further 
how anomalies in the data are brought out. Note the 
two modes of monthly precipitation at Philadelphia for 
February, March, and April of the past 100 years. 
Similar modes appear in the monthly precipitation at 
Boston, New York, New Orleans, San Francisco, and 
other stations. at is more surprising, the higher 
mode is the same at New Orleans, Philadelphia, and 
Boston, and the lower mode is the same at Philadelphia 
and New Orleans. The modal amounts of precipitation, 
however, do not occur in the same pag at each of these 
stations. At New Orleans a double mode appears in 
September, October, and November, due to tropical 
disturbances in those months. 
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Turning now to the BinghamtonJhistograms, figures 
3, 4, 5, 6, 7, and 8, the discussion must be brief and they 
will be permitted, in the main, to speak for themselves. 

In 5 i May, June, July, August, December, January, 
and February, the mode o daily maximum temperature, 
figures 3 and 4, is higher than the mean, and in Septem- 
ber, October, November, and March it is lower. In 
September and October this result is doubtless associated 
with fogs, and in March with melting snow and ice. 
The ‘‘skew” in February is to the right toward 32° F. 
and in March to the left toward 32° F., the melting point 
of snow and ice. The daily minimum temperature is 
largely a radiation effect, and so in December, January, 
and February, when there is alternation between bare 
ground and snow cover, there is a corresponding tendency 
to two modes, suppressed in December and February and 
prominent in January. The higher mode in January lies 
near 32° F. and gives rise to popular belief in a “ January 
thaw.” <A tabulation of the weather elements of Janu- 
ary days with 26° and 11° F. minimum temperature (omit- 
ted here) shows that snow cover, not wind direction, as 
some have supposed, is the effective factor in causing the 
lower mode and bare ground the higher. (See Table 1.) 
The daily mean temperature is simply a composite of the 
daily maximum and minimum temperatures and merits 
no special comment. 


TABLE 1,—Relation of weather to the modes of minimum temperature for 
the month of January, 1906-1920, at Binghamton, N. Y. 


Number of thes... 
Snow on ground: 
Average depth at 8 inch.. 
Days with 0.6-inoh bees... 
Precipitation (mt. to mt.): , 
Cloudiness (during daylight): 
Wind, prevailing direction (mt. to mt.): 


atts BS Ewa & 


Occurrence not at 
Average wind velocity. mi. hr.. 


Wind direction— 


° 


The daily maximum wind velocity, figures 5 and 6, 
shows throughout most of the year a dominant mode at 
13 miles per hour, which assumes special prominence in 
July, the month of thunderstorm frequency (fig: 7). 
This mode is doubtless a combined friction and viscosity 
effect conditioned on elevation and topography and sug- 
gests that each station may have a distinctive mode due 
to these factors. (7) The double mode of maximum 
wind velocity in August and September, the months of 
least average velocity, southwest and north, corresponds 
to the trend of the river valleys. 


/ 
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| 
| 
Mode. 
25°-27° F.| 9°-11° F. 
| 
| 
At time of minimum } 
\ verage relative humidity at cent.. 
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Fi. 3.—Frequency distribution of daily maximum, minimum, and mean temperature and daytime cloudiness at Binghamton, N. Y., April to September, inclusive. 
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Fig. 4.—Frequency distribution of daily maximum, minimum, and mean temperature and daytime cloudiness at Binghamton, N. Y., October to March, inclusive. 
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Fie. 5.—Frequency distribution of daily relative humidity at 8 a. m., velocity,and direction, and daily precipitation at Binghamton, N. Y., April to 
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Fic. 6.—Frequency distribution of daily relative humidity at 8 a. m., daily — wind velocity and direction, and daily precipitation at Binghamton, N. Y., October to 
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Fic. 7.—Frequency distribution for the year of various meteorological elements at Binghamton, N. ¥. 
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The humidity at 8 a. m., figures 5 and 6, presents 
curious variations. Although 60 per cent of September 
days, the highest number of any month, are without rain, 
yet 15 per cent of the days, the highest number of any 
month, have a humidity at 8 a. m., two hours after sun- 
rise, of 98 to 100 per cent. This is due to the prevalence 
of fogs in that month, the fogs, in turn, being caused by 
the prevalence of clear nights with diminished tempera- 
ture. (Fig. 7.) The modal period for dense fog is 
September 8 to 17. The humidity then diminishes to 
November, the ‘Indian summer” month, and increases 
again with the formation of snow cover in December. It 
is rather surprising to find the mode for 8 a. m. humidity 
in January and February to be 98 to 100 per cent. The 
high humidity occurs on mornings of “‘radiation’”’ cold 
and is often accompanied by rime and fog. It is unfor- 
tunate that data of daily maximum and minimum 
humidity are not available. 

The smooth curve marked by the tops of the columns 
of no precipitation, figures 5 and 6, is interesting, as is 
also the variation in the number of days with a trace. In 
summer traces of precipitation tend to evaporate before 
they reach the ground. In winter traces are prominent 
in the form of snow flurries. The curve of days with no 
precipitation shows inverse relation to that of days with 
10 tenths clouds, or sky entirely overcast, figures 3 and 
4. A peculiar feature of the latter is that any decrease 
in the number of overcast days is divided rather evenly 
among the days with lesser amounts of cloudiness, the 
number of entirely clear days remaining fairly constant 
throughout the year, though greatest in September. 
Since 1905, or for 15 years of the 29, the daily amount of 
cloudiness has been determined by observations every 
two hours of the amount, kind, and direction of movement 
of the clouds. 

Figure 7 shows the annual distribution of the different 
daily weather elements. The two modes of maximum, 
minimum, and mean temperature are due to the fact 
that there is rather rapid transition from summer to 
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winter and vice versa. When monthly means are used, 
instead of daily, a third mode due to spring and fall 
appears, but this is only a feature of the method of com- 
putation and daily data should be used in place of monthly 
when practicable. The dual mode in the range of 
monthly maximum temperature is probably a snow cover 
and humidity effect. The dominant mode, 32°, corres- 
ponds to the mode for monthly range of minimum 
temperature, 31°. 

Figure 8 shows how histograms of monthly tempera- 
ture and precipitation, which are very easily prepared 
from the station annual summaries, although of different 
nature from histograms made with the daily data, are 
useful in comparing climates with respect to the general 
features of rainfall and temperature. 
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TEMPERATURE VARIATIONS IN THE UNITED STATES AND ELSEWHERE. 


By Atrrep J. Henry, Meteorologist. 


[Weather Bureau, Washington, D. C., February, 1921.] 


SYNOPSIS. 


In the first part of the paper effort is made to discover to what extent 
riods of abnormally high or abnormally low temperature in the 
Inited States synchronize and also as to whether or not there is evi- 
dence of a periodicity in the occurrence and recurrence of these 


circulation of the atmosphere, as modified, of course, by the secondary 
circulation due to the movement of cyclones and anticyclones. 

In order to get beyond the influence of the latter the study was 
extended to include certain tropical stations, viz, Batavia, Habana, 
Honolulu, and Arequipa. Consecutive means were also computed 
for these stations. 


phenomena. The basic material for the study was 12-month consecu- Both tropical and temperate zone stations show very clearly the 
=a 
| | 
| | HAVANA 
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tive or overlapping monthly means of the temperature for fairly large 
graphic districts. The districts used are (1) the New England 
States (2) Minnesota, (3) Colorado, (4) Washington, and (5) Louisiana. 
The monthly mean temperature for each of these districts was originally 
computed from the means of all of the individual stations therein. 
The period 1888-1919 furnished the data for the study. 
As was to have been expected, the control of the changes in tempera- 
ture of the various parts of the United States is clearly that of the general 


Fic. 1.—Smoothed temperature means, each 


persistence of short-period variations of about 40 months in length; 
occasionally, for reasons not understood, some of these short-period 
maxima and minima are greatly intensified and consequently appear 
as primary maxima or minima in the series. The length of the interval 
between these so-called primary maxima and minima is greater than 
and probably some multiple of the 40-month period. 

One of the chief characteristics of the data is the tendency of any 
marked variation in the temperature to be followed by another one of 


— 
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opposite phase almost immediately. While this tendency amounts 
to almost certainty it is useless for forecast purposes because there is 
no means of discovering the precise duration of any existing phase. 
A comparison of the temperature variations in the border region 
between tropics and subtropics led to the conclusion that the influ- 
ence of the general circulation at times extends to the northern portion 
of tropical areas. There also seems to be in operation at times a com- 
mon temperature control for both Tropics and temperate zones. Ex- 
tracts from the Reseau Mondial for 1910, 1911, and 1912 are quoted in 
support of this view. 

he literature of the sun spot-terrestrial temperature relation is very 
briefly touched upon and the difficulty of separating the terrestrial 
from the extra-terrestrial influences is discussed. The annual tempera- 
ture variations of the United States as a single geographic unit is com- 
pared with the sun-spot curve and the resemblances and differences 
are discussed. 


The object of this paper is to discover, if possible, the 
nature and character of recurring periods of high and 
low temperature in the United States and elsewhere. 

It is well known that in the temperate zones, and even 
in the Tropics irregular variations in the temperature of 
the lower layers of the atmosphere take place from time 
to time. The amplitude of these variations is greater in 
some years than in others. When it is small, the mean 
annual temperature is practically a constant and it ma 
so continue for a number of years; then, suddenly, it 
would seem, the amplitude increases and the irregu- 
larities persist for a term of years, after which there is 
a return to quiescent conditions. It is also generally 
known that these irregularities, or abnormalities, occur 
almost synchronously over widely separated parts of the 

lobe. Short-period variations of this character are 

efinitely known to be the result of the movement of 
cyclones and anticyclones. The influence of the move- 
ment of a single cyclonic system upon the air tempera- 
ture in its path—an influence which will be hereafter 
referred to as that of the secondary circulation—is clear- 
cut and easily determined, but when we attempt to inte- 
grate this influence over a period of several weeks the 
task becomes increasingly difficult, unless, as rarely 
happens, the secondary circulation has been uniform 
over the entire period. If we take any month of the 
cold season in the United States with consistently posi- 
tive or negative temperature anomalies, the reason 
therefor can generally be referred back to the secondary 
circulation. ere are months, however, when the net- 
work of cyclonic paths is so intricate as to preclude the 
formation of any logical conclusion as to the tempera- 
ture distribution. In any event a quantitative statement 
of the influence of the secondary circulation seems to be 
impossible of ascertainment. A common method of 
approaching the question is to plot on coordinate paper 
the variations of both the temperature and the suspected 
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THE MATERIAL USED. 


It is proposed in what follows to determine the varia- 
tions in the annual mean temperature not from the 
annual means for individual stations, but by the use of 
12-month consecutive means for a few geographic dis- 
tricts in the United States. The districts selected are: 
(1) The New England States, (2) Minnesota, (3) Colorado, 
(4) Washington, and (5) Louisiana. The first of these is 
representative of the Atlantic Coast States above 40° N. 
latitude, the second of the continental interior along the 
northern border, the third that of the elevated Rocky 
Mountain region, the fourth that of the Pacific Coast 
States above 45° N. latitude, and the last of the low 
latitude portion of the United States along the Gulf of 
Mexico. Twelve-month consecutive temperature means 
have been used by Clayton,’ and especially by Arctowski,? 
in his numerous papers upon temperature distribution. 

The advantage in using these means is in the fact that 
they enable us to discover the succession of warmer and 
colder periods that might be wholly eliminated by using 
the mean of the 12 calendar months. In computing 12- 
month consecutive means I have called the mean of the 
12 calendar months the mean for July, then dropping 
from the sum of the 12 calendar months the mean for the 
first of the calendar months, January, and adding the 
mean of the first calendar month of the immediatel 
succeeding year, January, a new sum was obtained, whic 
divided by 12 gave a mean for August, and so on. 

While consecutive means for groups of stations have 
been computed as above indicated, I have been obliged 
to use the means of individual stations for the Tropics. 
I have computed the consecutive means for four stations, 
viz, Batavia, Java, for which fortunately there are avail- 
able monthly means of the maximum temperature for 
each month of the period 1866 to 1914. The monthly 
means of temperature published in the Yearbooks of the 
Belen College Observatory of Habana, Cuba, were used 
for that station. The series of observations maintained 
at Arequipa, Peru, by Harvard College Astronomical 
Observatory, although covering but a short term of years, 
gave satisfactory mean values for that station, and finally 
the monthly mean temperature as observed by the 
Weather Bureau and cooperative observers at Honolulu, 
Hawaii, formed the last of the series of tropical stations. 
Obviously any attempt to consider the temperature varia- 
tions of the globe as a unit, even on a very limited scale, 
must take cognizance of the variations in the Tropics. 
I next plotted the consecutive means for each of the four 
stations named as abscissae against time as ordinates to 
form the four curves of figure 1. 
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value being the mean of 12 consecutive months. 


cause thereof and draw free-hand curves through the 

data inforder to note the degree of parallelism 
etween the two events. 

». While, in general, there is more or less parallelism be- 

tween the twojcurves, yet, on the other hand, many 

contradictions are also present. 


REMARKS ON THE CURVES. 


The Tropics—Batavia.—The curve for this station 
shows very clearly the occurrence of progressive warming 


'‘ Amer. Meteor. Jour., vol. 1, p. 130. 
2Changes in Temperature Distribution, Annals N. Y. Acad. Sci., Vol. XXIV, 39-113. 
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and cooling throughout the entire term of observations— 
48 years. In order to study these short periodic oscilla- 
tions, I have formed a table giving for each station the 
numerical values of the maxima and minima of tempera- 
ture for the periods indicated by consecutive numbers, 
1, 2, 3, etc. (see Table 1 for tropical stations and Table 
la for stations outside the Tropics). This tabulation 
shows that at Batavia there were 13 cases of pronounced 
warming in the 48 years. The average interval between 


the epochs of maxima was 49 months; between minima, 
37 months, counting in each case from maximum to 
maximum and from minimum to minimum. Treating 
the remaining three stations similarly, it is found that 
the average interval maximum to maximum is as follows: 
Habana, 45 months; Arequipa, 31 months; Honolulu, 48 
months. The average interval minimum to minimum is 
Batavia, 37 months; Habana, 31 months; Arequipa, 31 
months; and Honolulu, 48 months. 


TABLE 1. 
MAXIMUM. 
Batavia, Java, 1866-1914. Habana, Cuba, 1888-1918. Arequipa, Peru, 1900-1910. Honolulu, Hawaii, 1892-1919. 
Inter- Inter- 7. | Inter- | Inter- 
No.| °F. Date. val. No.| °F. Date. val. No.|. °F. Date. | 2 No. | 7. Date. val. 
| y. m. y. m. y. ™m. 
1 86.2 | December, 1868....... 1 77.5 | September, 1889...... — 58.7 | July, 1900............ 1 75.1 | October, 1892...... 
2 85.7 | November, 1875......- 6 ij 2 77.5 | August, 1893......... ai ati 2 $8.8 | October, 1902.........; 2 £2.) 2 75.6 | January, 1897.-....... 4 3 
3 87.1 | March, 1878........... 2 3 77.5 | October, 1896......... 58.4 | December, 1905....... 3 4 
4| 86.0| September, 1881... ... | 3 6| 77.5 | May, 1899............ 2 7] 4] 57.8] March, 1908.......... | 2 3] 4| 74.7) May, 1904............ 4 0 
5 86.0 | December, 1885....... 3; 5 77.7 | September, 1902...... 3, 4 5| 75.2 | October, 1906......... 2 3 
6| 86.8 | December, 1888....... | 3 0} 6| 77.5} August, 1905......... 2 11 6| 75.1 | November, 1907...... god 
7 | 86.4 | September, 1891. ..... | 2 7| 78.3 | September, 1912...... 7 April 1913... 5 5 
8 87.2 | March, 1897........... | 5 6) 8 77.5 | November, 1915...... 3 3 8 | 75.7 | October, 1915......... ; 
9 86.2 | June, 1900............ | 6 9} 9 75.6 | January, 1919........ 3.3 
10 86.9 | October, 1902......... ie ve | 
11 | 86.9 | January, 1906.......... 3 | 
12 86.8 | April, 1912............ | 6 3 | | 
13 87.5 | July, 1914............. |; 2 3] | 
MINIMUM 
| | | | ] | | 
Silly; 2087.00. 1| 76.6] August, | 1] 57.9| October, | Mey 
2 84.4 | March, 1872........... 75.9 | August, 1892......... 01 2 56.7 | February, 1904....... 2 4! 74.7 January, 1896........; 1 8 
3 84.4 | November, 1874....... 2 8] 3 75.9 | November, 1894...... 2 3/ 3 56.8 | December, 1906....... 2 10] 3 73.9 | August, 1898......... ie AS 
85.0 | November, 1876.......; 2 0! 4 76.3 | February, 1896....... 4 56.3 | October, 1909......... 2 10; 73.3 | March, 1903.......... 
5 84.5 | August, 1880.......... 3 5 76.5 | July, 1898............ | May, | 2 2 
6| 84.8| September, 1882. ..... 2 75.7| September, 1901...... 6| 73.5| April, 1909........... | 3 
7 85.0 March, 1884........... 1 6; 7 76.1 | October, 1903......... 7 74.5 September, 1914...... | 
9 84.8 | November, 1890.......! 3 5; 9 74.8 | June, 1910............ 3 il | 
10} 84.5 | December, 1893... | 3 1/10) 75.7 | October, | 3 
11| 85.1] April, 1899............ 5 4 11 | 76.1 | August, 1917......... | 3 10] 
12| 85.5 | August, 1901.......... 2 4) | | | | 
13| 85.1 | May, 1904............. 2 9 
14| January, 1907......... 3 4) | 
TABLE 1a. 
MAXIMUM. 
Louisiana, 1888-1919. Colorado, 1888-1919. Minnesota, 1888-1919. New England, 1888-1919. 
| } | | | 
No.| °F. Date. Inter- F. Date. val, (No-| °F. | Date. °F. | Date. | 
| ¥.M. Y.M.| Y. M.| | |¥. M. 
1 69.3 | June, 1890. ........... — —!/1 — —/ 1); 384) August, 1888......... — —/ 1 48.4 | September, 1889...... — 
3 68.2 | November, 1893......- | 3 5] 2 46.2 | June, 1894............ 4 2| 43.3 | July, 1894............| 4.41) 2 47.5 | January, 1892. .......| 2 4 
3 68.4 | October, 1896......... Bis 46.5 | July, 1896............ 43.5 | March, 1898.......... 00.8 BOT, | 2 3 
4 63.5 | August, 1897.......... 0 4 47.4} 4 0° 4 45.0 | May, 1900............ 47.3 | May, 1006. 4 1 
5 67.5 | August, 1900.......... 3 5 47.6 | November, 1901...... 4) 5 44.6 | May, 1901............ 47.1 | June, 1901............ | 
6 67.7 | September, 1902...... ; 2 1] 6 46.1 | October, 1903........- 1 11| 6| 43.2 September, 1905...... | 4 4 6 47.2 | November, 1902......; 2 & 
7 69.6 | October, 1906......... 46.4 | October, 1906........- 3 0; 7 | 46.9 | June, 1906............ 
| 4 7| 8] 47.2) September, 1910...... 3 11} 8! 41.4 | September, 1910...... | 2 3] 8| 47.2] September, 1908. ..... 
68.7} October, 1915......... 4 5; 9 45.3 | July, 1914............ 3 10, 9; 38.1, November, 1914...... 9 - May, 1 8 
Mean............ 3 2 2 | | (2 9 
MINIMUM. 
1 65.7 —{1 42.9 | September, 1888... ... — —| 35.4] July, 1890............ — | 1 | 44.1 | May, 1888............ | 
2| 65.6 4| 2| 44.0] August, 1891 2 11] 2| 39.3 March, 1897..... --| 6 8) 2| 45.8 | September, 1890...... 
3| 65.3 2| 3] 44.31] July, 3 11] 3| 39.2] April, 1899....... | 2 1] 3] 43.9) April, 1993........... 
4| 65.0 10| 4| 44.5] March, 1897.... 1 8| 4] 38.2] February, 1904....... 4 10, 4| 45.5) April, 1895...........| 2 0 
5 65.3 5 43.0 | October, 1898... 1 5| 301] May, 1907..... | 4 0 
6 65. 2 6) 5 44.2 | January, 1903. . 4 3] 6 39.3 | July, 1909. .... 2 2) 6 45.6 Jame, 1908 
7 65.5 6| 7 44.3 | December, 1904 1 11] 7 35.5 | February, 1913 Te wae 0 ae 45.5 | May, 1902............ 11 
8 66.7 8 44.2 | June, 1906........ 1 6; 8 33.6 | November, 1915.. 8 43,2 | October, 1903......-... 
9| 65.8 1; 43.4 | November, 1908. 2 31.0) May, 1917............ 1 6] 9| 43.4] June, 1907..........-. 3 
10 65.8 3/10 41.5 | April, 1912........... 3 65 | | 10 45.0 | November, 1910 i 38 8 
li 64.9 10 | 11 42.0 | January, 1917........| 4 9 | | =< 
| | duly, 19i4......- eee! 
42.5 | October, 1917......... 
3 0 2 10 3 4 | 2 5 
| 
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An inspection of the curve shows that these short- 
eriod extremes vary from station to station, some being 
in the nature of principal maxima and minima and the 
remainder being properly classed as secondary maxima 
and minima. I have endeavored to distinguish between 
the two classes of variations and present in the table next 
below what I take to be the principal maxima and min- 
ima with the years of their occurrence. 


TABLE 2.—Dates of principal maxima and minima at the places named. 


Maxima.| Minima. 
1888-89 | 1871-72 
1897 1874 
1906 1880 
1914 1887 
1890 
1893 
1904 
1 1894 
1896-97 1901 
1899 1903-4 
1 1910 
1902 1909-10 
1906-07 1902-3 
1913 1905 
1915 1909 


Incidentally, it may be noted that the interval between 
the occurrence of principal maxima and minima varies 
anywhere from 2 to 11 years, and also varies from stat- 
ion to station, the interval maximum to maximum at 
Batavia being considerably longer than at the remaining 
stations. If we take all of the maxima and minima into 
account, then, as before stated, the average interval for 
the maxima is 41 months and that of the minima 37 
months. It may be seen from the above table that there 
is some evidence of world-wide variations in temperature 
which, obviously, can not be due to the local or secondary 
circulation; thus we see that a maximum of temperature 
was experienced at both Batavia and Habana in 1889 and 
1897; in Batavia, Habana, and Honolulu in 1897; also in 
Batavia, Arequipa, and Honolulu in>1906. For the 
maximum at Arequipa in 1906 see the curve in figure 1. 

The synchronism in the minima is not so good although 
there are sone interesting correspondences. 

The records from these four stations prove conclusively, 
I think, that the temperature in the Tropics is never at 
rest, but is constantly in oscillation, up and down. The 
amplitude of the oscillations is small, probably on the 
average scarcely appreciable to the senses, but neverthe- 
less clearly apparent in the statistics. 

Whether abe oscillations are simply the systematic 
deviations of the temperature, due possibly to the local 
environment, variations in the local and general circula- 
tion, or possibly to variations in the insolation which may 
be superposed upon the effects produced by terrestrial 
causes is still an open question. 

The relation between the progressive changes of 
temperature in the Tropics and the Temperate Zones is 
most readily shown by plotting parallel curves repre- 
senting the two regions. This has been done, but it is 
impracticable to reproduce the curves for the several 

ortions of the United States. I shall first consider the 
order region between the North Temperate Zone and 
the Tropics, as represented by the State of Louisiana, 
which, it may be remembered, is embraced between the 
parallels of 30° to 33° North latitude, and the meridians 
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of 90° to 94° West longitude. In making the com- 
parison the permanent climatic differences between the 
two regions should be kept in mind. Louisiana, while 
its temperature is to some extent modified by the 
proximity of the Gulf of Mexico, nevertheless is subject 
to the full sweep of cold northerly winds which depress 
the temperature to a degree never reached in Habana. 
There is, however, a greater similarity between the two 
curves than was expected, particularly in the larger 
changes. The synchronism of the epochs of maximum 
temperatures in the two regions is remarkably good, but 
there are occasions when the Louisiana maximum 
follows that of Habana by a few months and there is 
but a single case, viz, that of 1906, when a maximum in 
one region is not associated with a corresponding maxi- 
mum in the other. 

It is interesting to note that the principal maximum 
of the whole term of years in Habana occurred in 1912 
and in Louisiana in 1911, although the belief is expressed 
that the two maxima were due to one and the same 
cause. The high temperature at Habana was continued 
some months longer than in Louisiana, thus indicating 
that the cause of the high temperature, whatever it may 
have been, ceased to function in Louisiana first. The 
temperature in the last named began to fall about nine 
months earlier than in Cuba. The synchronism in the 
epochs of minima is equally good. One would think 
that the minimum would occur in Louisiana a little 
earlier than in Habana, but this is not always the case. 
For example, the low point for 1903 was reached about 
the same time in both regions. This was followed by a 
slight recovery and then a second depression in the 
spring of 1904, which in turn was followed by a small 
recovery and then by a third depression in the autumn 
of 1904, all of which is clearly a oe ae from a study of 
the curves of the two regions. e decided minimum of 
1910 in Habana—the greatest of the entire term of 
years—occurred in Louisiana somewhat earlier and the 
recovery also set in earlier than in Habana. Com- 
parison of the curves for the years 1908-9 is difficult 
owing to the very sharp contrasts in temperature shown 
by the Louisiana curve for those years. Finally, we 
may observe that the severe cold of 1917 penetrated to 
both Louisiana and Cuba, being plainly perceptible in 
both curves. This is the most decisive evidence that 
has been thus far adduced to show that the influence of 
the secondary circulation penetrates so far south as the 
latitude of Habana. Having shown that, in general, 
there is good synchronism in the epochs of maximum 
and minimum temperature for Habana, a_ tropical 
station, and Louisiana, a region outside but near to the 
Tropics, we will next consider the synchronism of 
Louisiana and the States of more northern latitude. 

Synchronism of Louisiana maxima and minima with 
those of other States.—The dates of occurrence of maxima 
and minima as given in Tables 1 and la refer to the 12- 
month consecutive mean whose middle date falls upon 
the first of the month named; for example, the maximum 
of June, 1890, for Louisiana refers to the 12-month period 
beginning with December, 1889, and ending with Novem- 
ber, 1890. The maximum in this case is due wholly to 
high winter temperatures, which in the computation of 
12-month consecutive means throws the peak of the 
maximum in June. It is obvious that the maximum or 
minimum in any 12-month period may be due to monthly 
abnormalities spread over But a single month or several 
months. Two months—one with a pronounced positive 
departure, the other with an equally pronounced negative 
departure—will not offset each other in the 12-month 
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consecutive means as would be the case if they were used 
in the computation of a mean of the 12 calendar months. 
The response of the temperature in Louisiana to changes 
brought about by changes in the secondary circulation 
is not so great in that State as in the other States consid- 
ered, although by no means is that influence negligible. 
In the cold season the mean temperature of the State as a 
whole may be depressed as much as 8° to 10° F. by 
reason of the prevalence of cold northerly winds, and, on 
the other hand, when southerly winds are more frequent 
~ than usual the temperature is elevated by the same 
amount. It happens, therefore, that the character of the 
Louisiana curve is almost entirely that given by the 
variations of the winter season. Responding to the sug- 
gestion that perhaps a consideration of the variations 

uring the summer months might yield important re- 
sults, I have computed the anomalies of the months of 
June, July, and August for the term of years available. 
As might be expected, these anomalies are much smaller 
than those of the winter, rarely exceeding +3.5° F. The 
summers of 1891, 1892, 1894, 1903, 1908, 1913, and 1917 
were cool, while those of 1890, 1895, 1896, 1900, 1902, 
1906, 1907, 1909, 1910, 1911, 1912, 1915, and 1919 were 
warm. The tendency, therefore, during the period con- 
sidered was toward higher temperature, there being a 
total of 13 warm summers and only 7 cool ones. 

In general, the maxima and the minima of the Louisiana 
curve are not congruent with those of the more northern 
States, owing doubtless to the fact that the variations 
in the latter are more directly due to changes in the 
secondary circulation. The lack of accord in the dates 
of the maxima and the minima and in the length of the 
interval between them is clearly shown by the data of 
Table la. The average interval between the maxima 
for Louisiana and Minnesota is exactly the same, but 
the individual lengths are all different; hence, for the 
purpose of forecasting, the averages are useless. 

e extent to which the temperature oscillations of 
the more northern States are damped by changes in an 
opposite sense due to the influence of the secondary 
circulation is easily seen. For example, the curves of 
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Washington, Colorado, and New England during the 
years 1896-97, and for a few years previous thereto, 
show that the march of temperature was characterized 
by alternating periods of high temperature and low 
temperature occurring without order or system. Fol- 
lowing the 1896-97 maximum, not only in Louisiana, 
but elsewhere in the United States, a world-wide depres- 
sion in the temperature set in. It was first manifest in 
the United States in the northern and middle Pacific 
Coast States, the plateau and Rocky Mountain regions 
in the autumn and early winter of 1898, continuing more 
or less intermittently until well into 1899. 

It was also manifest in northern Europe, northwest 
Russia and east Siberia, and in a less degree in the East 
Indies. While the depression in the northern parts of 
the Temperate Zone may be referred to the influence of 
the secondary circulation, we can not explain the fall in 
temperature at Batavia in that manner. The sun-spot 
curve at that time was descending to the minimum of 
1901. 

At this point I wish to introduce some evidence 
bearing upon the systematic deviations of the tempera- 
ture from the normal in any set of years taken at random 
aside from those coincident with years of sun-spot 
maxima or minima. As [ have previously pointed out, 
the march of the temperature in all parts of the globe 
is characterized by variations up and down from the 
normal. In the Tropics these variations may be due to 
variations in the cloudiness, the strength, and possibly a 
slight change in the direction of the periodic winds due 
to displacement or readjustment of the pressure dis- 
tribution in the so-called centers of action in the atmos- 
phere. This evidence is simply a statement showing 
the deviations of the annual mean temperature for that 
opty of the globe between 20° South latitude and 60° 

orth latitude for the years 1910, 1911, and 1912. 
The presentation of these data is possible through the 

ublication of the Réseau Mondial by the British Meteoro- 
ogical Office. The data are given in the table next fol- 
lowing (Table 3). Attention is directed to the columns 
headed ‘‘Mean Temperature, Departures in °C.” 


TaBLe 3.—World depariures of temperature and precipitation, 60° North to 20° South latitude, 1910, 1911, and 1912. 


1910 | 1911 | 1912 
| 
Zone No. Latitude. ——_ Mean departure. | Mean departure. Mean departure. 
Temp. | Precip. | Temp. | Precip. | Temp. | Precip. 
| 
| mm. *C. mm. mm. 
16| -0.10| +256) —0.06 —13| +0.40 — 60 
esc ll +0. 00 — 35; —-—0.01 —258 +0.30 — 16 
6 Extra 27| —0.30' +651! +4000) +69| +40.10 + 41 
ome 19 +0. 30 | —159, +0.20 — 52 —0. 30 — 41 
24 —0.30 + 59 +0.30 +100 —0.10 — 10 
20 +0.70 + 66 +0. 10 + 15 —0. 20 + 88 
25 +1.10 + 34; +0.90 18 —0. 60 + 74 


The annual deviations of temperature for each of the 
ra iven are of the same order of magnitude as those 
eretofore found and assigned to the sun-spot influence, 
thus indicating, it seems to me, that in the ordinary run 
of years those not characterized by any unusual variation 
in the number or area of spots the annual deviations in 
the mean annual temperature may be sufficiently uniform 


and of a magnitude that will satisfy the requirements of 
the theory of sun-spot control. A greater number of 
years of observations will of course, afford conclusive 
evidence on this point. The concluding section of this 
paper will be devoted to a review of the literature and 
evidence thus far available bearing upon the relation 
between sun spots and terrestrial temperature. 


| 
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SUN-SPOTS AND TERRESTRIAL TEMPERATURE. 


It is generally agreed that the variations in the mean 

annual temperature, in the Tropics especially, run 
arallel with variations in the spottedness of the sun. 

ft may also be considered as definitely established that 
the amplitude of the variations is small, on the average 
less than 1° C., and that it diminishes with distance from 
the Equator. It is further established that the heat 
maximum at the Equator corresponds to the minimum 
of sun spots and that the heat minimum corresponds to 
the maximum of spots. On the other hand, as everyone 
who has investigated the subject knows, there is at times 
a decided lack of synchronism in the occurrence of the 
phenomena; for example, if variations in sun spots are 
the cause of variations in terrestrial temperature, that is 
to say, if the two events stand in the relation of cause 
and effect, then the one should precede the other or at 
least be coincident therewith. Koppen' finds that the 
heat maximum of the Tropics precedes the spot minimum 
by nine-tenths of a year on the average and that the 
interval increases with distance toward the poles. The 
temperature minimum at the Equator, however, coin- 
cides rather closely with the occurrence of the spot 
maximum. Newcomb? found a little closer synchronism 
but yet not so good as might be wished. 

The sun-spot period itself, commonly accepted as 
being 11.2 years in length on the average, varies irregu- 
larly from, say, 9.6 to 12.7 years, counting from minimum 
to minimum, and this adds another complication to the 
problem. ya in his discussion takes cognizance of 
this changing length of the period and has corrected the 
average terrestrial temperatures accordingly. Mielke * 
following Képpen, likewise makes a correction in ter- 
restrial temperatures on account of the varying length 
of the sun-spot period. 

The usual method of showing the parallelism of the 
phenomena is that of plotting the annual variation of 
the two events on coordinate paper and noting the 
agreements and disagreements. It is safe to say that 
anyone who sets out to show a parallelism will find 
sufficient resemblance, the one curve to the other, to 
lead him to the belief that a real relation subsists. I 
think that it is also true that, in general, the investigator 
is apt to slur over or disregard entirely the lack of 
parallelism which in my experience is at times as pro- 
nounced as is the resemblance of the two curves. There 
is also to be noted an apparent disinclination to investi- 
gate closely those cases of maxima and minima of tem- 
perature which are not in accord with the theory of solar 
origin through sun spots. 

ifficulty of disentangling the sun-spot influence from 
that of the general and secondary circulation.—One need 
have but a short experience with the daily weather 
maps of the cold season in Temperate Zones to discover 
how tremendously important as a temperature control 
is the secondary atmospheric circulation. The out- 
standing features of this control are: (1) It is apparently 
both ephemeral and fortuitous, the cyclone serving to 
elevate the temperature during a period of not to exceed 
a day or so, over an area that may range in extent from 
a few thousand square miles to the size of one third of the 
North American Continent, and the anticyclone in turn 
serving to depress the temperature by the same amount 
over an equal area; (2) while terrestrial temperature is 


1 Met. Zeit., VIII: 241-248; XV: 279-283; XXXI: 140-150. 
2 Newcomb, Trans. Amer. Phil. I. 
3 Mielke, Joh., Archiv. der Deutschen Seewarte No. 3, 1913. 
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primarily controlled by the output of solar energy, the 
immediate control which results in the day to day varia- — 
tions is largely the result of horizontal convection whereby 
warm air is transferred from lower to higher latitudes 
and cold air from higher to lower latitudes. 

Variations of temperature are therefore dependent to a 
— extent upon the frequency and movement in lati- 
tude of cyclones and anticyclones. An unusually large 
number of cyclones moving due eastward in one district 
may cause the temperature to be higher than usual, while 
the same number moving in the same direction may cause 
the opposite temperature conditions in another district; 
hence at the close of the calendar month, when the bal- 
ance of temperature is struck, we do not get a true meas- 
ure of the difference between the incoming heat of insola- 
tion and the outgoing loss of heat by radiation, but rather 
we obtain a veuidial; the magnitude of which depends 
- the activity of the latitudinal convective interchange 
of the month and the geographic position of the station. 

As a general theorem it may be postulated that the 
quantities of heat received by insclation and those lost 
by radiation in the course of the year on the average are 
equal, for were it not so there would be progressive warm- 
ing or cooling of the atmosphere and the earth, as the 
case might be. 

The observational material as regards terrestrial tem- 
paves does not show permanent warming or cooling to 

ave occurred in any part of the globe. The observations 
do show, however, that progressive warming and cooling 
through short cycles is the rule, more especially in Tem- 
perate Zones, although the phenomenon is not confined to 
any one part of the globe to the exclusion of the remain- 
der. There may be as many as three separate and dis- 
tinct cycles of progressive change to warmer or to cooler 
within one sun-spot cycle; if now one of these short- 
period changes should coincide with the epoch of maxi- 
mum or minimum of sun spots, it would naturally result 
in an intensification of the terrestrial temperature 
extremes at that time and therefore would be considered 
by the proponents of the theory as abundant justification 
of the correctness of the theory. The problem therefore 
resolves itself into a study of the short-period cycles of 
preereany temperature change from lower to higher 
evels and vice versa. 

Influence of diminished atmospheric transmissibility.— 
Diminished atmospheric transmissibility must 
the amount of solar energy received at the earth’s 
surface and in this way serve, in part at least, to lower 
the temperature of the atmosphere. In his studies on 
solar radiation, Prof. Kimball has noted that there were 
marked diminutions in atmospheric transmissibility in 
the years 1884 to 1886 and in 1903 to 1904, that were 
undoubtedly connected with violent volcanic eruptions' 
and that in 1891 and 1907 less marked diminutions 
occurred which have not been connected with phenomena 
of volcanism. Since the above dates do not coincide 
with the epochs of sun-spot maximum or sun-spot 
minimum it will be of interest to see whether there is a 
lowering of the temperature on the years in question. 
The temperature at Batavia was depressed in each case 
except that of 1891, when there was a pronounced 
maximum. There was a very general depression of the 
temperature in 1903-4 in various parts of the world, 
peruowshy in the Tropics. The curves for Batavia, 

avana, and Arequipa show the depression very dis- 
tinctly, but the 


1 Kimball, H. H., Solar Radiation, Bul., Mt. Wea., Obsy., 1910, vol. 3, p. 117. 
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instead of a minimum. ‘The curves for the five different 
portions of the United States show confirmatory as 
well as conflicting evidence of the reality of a fall in 
temperature being caused by diminished atmospheric 
transmissibility for solar radiation and less diminished 
for earth radiation. As has been previously shown in this 
paper, a cycle of temperature change from minimum to 
minimum is completed in about three years, the time 
being slightly longer in the Tropics than in Temperate 
Zones and being longer in some parts of temperate zones 
than in other parts. The latter fact, coupled with the 
additional fact that the short-pariod temperature oscil- 
lations are soonest completed in those regions which 
come most directly under the control of the secondary 
circulation, seems to tie up the occurrence of these 
short-period variations with terrestrial causes. 

If the causes were extra-terrestrial then it should be 
expected that there would be greater uniformity in the 
various parts of the globe. 

Monthly temperature variations for two districts in the 


United States.—The monthly variation in temperature, 
above and below the normal, afford the most convenient 


material available for study. I will now consider the 
mean annual departure for two districts in the United 
States, first, the Northern Plateau, comprising within its 
boundaries the eastern portion of the States of Washing- 
ton and Oregon and all of Idaho. The second region is 
that of the Lower Great Lakes. I have compiled from 
Table 1 of the Monruty Wearuer Review the monthly 
departures of mean temperature for these two districts 
for the years 1916, 1917, and 1918 separately, and present 
the smoothed means in Table 4 below. The smoothing 
was accomplished by the formula (a+2b+¢) The 
means have been plotted to form the curves of text 
figure 2. 
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Fic. 2.—The monthly and annual march of the temperature in the region of t= Lower 
Lakes and the Northern Plateau during 1916-1918. 


TaBLe 4.—Monthly mean temperature departures (smoothed) jor the 
Northern Plateau and the Lower Lakes, respectively (°F). 


Jan. Feb. | Mar. | Apr. May. June. July. Au. Sept Oct. | Nov. | Dec. 
| 
Northern Plateau. 
1916..... 4.0; 0.4] 2.4) 0.0 3.2 | 5.0; 2.3; 1.0) 0.8 2.0 | 4.0 4.8 
1917....-. 3.7) 3.6) 5.2) 47) 34/ 1.6) 15 | 2,6) 5.4 }...... 
1918..... 4.8; 2.8; 2.8) 0.1) 0.2 2.5 | 0.5) 1.8 | 2.8 0.8 0.6 
Lower Lakes 
1916..... 2.2} 1.8] 1.3] 1.2] 1.3) 2.2] 2.4] 0.9) 0.4] 0.0 0.8 
1917..... 2.0 0.9) 52) 37) 1.0] 08] 3.1 | 47) 5.4 7.9 
1918..... 7.5 1.6) 2.0 | 2.0| 1.5 | 06/07) a4) 1.8) 03 3.5 | 5.2 
Positive departures are given in full-face type; negatives, in ordinary type. 
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Considering the curves of fig. 2 for the Northern 
Plateau, this district being represented by observing 
stations at Baker City, Oreg., Boise, Lewiston, an 
Pocatello, Idaho; and Spokane and Walla Walla, Wash., 
it is at once observed that the temperature rose from a 
low value in January, 1916, to a point 2.4° F. above 
normal in April, then fell to 5° below the June normal, 
rose again to a point within 0.8° of the normal in Sep- 
tember and then again descended to a point 4.8° below 
the normal in December. During the year 1916 there 
were therefore two each distinct rises and falls in tem- 
perature, each one being accomplished in about three 
months. The march of the temperature for the lower 
Lake region, the dashed curve, is similar in some respects 
and different in others. Starting at a point 2° F. above 
normal in January, the course is downward instead of 
upward, as in the case of the Plateau. For the three 
months at the beginning of the year the march of the 
temperature in the two regions is in an opposite sense; 
beginning in June, however, the temperature begins to 
rise in both regions and rises about the same amount 
in both. In the Plateau region the temperature at the 
beginning of the rise was depressed below the normal a 
greater amount than in the Lake region and as a conse- 
quence the latter passed to a point about 2° above the 
normal while the former did not reach the normal. 

A fall in temperature then sets in, which reached a 
maximum in the Plateau region in December and in the 
Lake region in the following February. In each case 
there was a short recovery followed by a second depres- 
sion. Note here that the oscillations are now out of 
step by two months. 

eginning on the Plateau in March, 1917, temperature 
began to moderate and continued its upward trend until 
the following December, when it had reached a point 
about 7° F. above the normal for that time of year. 
Meantime the temperature in the Lake region was falling 
at about the same rate that it was rising on the Plateau. 
The greatest depression, almost 8° below normal, was 
reached in December, 1917. In both cases the results 
noted were general rather than local, high temperatures 
prevailing over the whole of the Plateau and Pacific 
coast regions and it was generally cold east of the Rocky 
Mountains. Curiously enough the previous month of 
November, 1917, had been unusually warm west of the 
Mississippi. In North Dakota it was the warmest 
November in 25 years. 

The obvious explanation is that in the warm month 
of November, 1917, the pressure distribution gave 
southerly winds over large areas. If these winds had 

ersisted for only a few hours their effect would have 

een lost in the monthly means, but persisting as they 
did for days at a time the effect upon the monthly means 
remains for all time. In November, 1917, the warm 
month, the centers of anticyclones followed two fairly 
well marked routes, viz, (1) eastward from the Pacific 
across the States of Washington, Oregon, Idaho, and 
Montana, and thence southeastward toward the Gulf of 
Mexico, and (2) east-southeast from about north latitude 
55°, west longitude 100°, to the Great Lakes and passing 
thence east-southeast from the north of the Lakes to the 
Atlantic States. 

In the cold month of December, 1917, the centers of 
anticyclones were concentrated in one main group, which 
entered the United States from the Canadian northwest 
by way of the Missouri Valley, which they followed until 
the middle Mississippi Valley was reached. From that 

oint there was more or less spreading of the paths, some 
eading directly to the east and others to the Gulf of 
Mexico. There was this characteristic difference, viz, @ 


— 
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much greater southerly component of motion in the paths of 
anticyclones than in the warm month. 

The foregoing is but a single example from many that 
could be given to show that the temperature control, in 
temperate regions at least, rests largely with the sec- 
ondary circulation. There are, of course, other features 
of the local weather conditions that contribute largely 
to the magnitude of the observed temperature anomalies, 
as, for example, the presence or absence of clouds, the 
presence of absence of a snow cover. Moreover, oro- 

raphic barriers serve to accentuate and localize climatic 

ifferences; thus in a sense the large differences in tem- 
perature between the northern Plateau and the region 
of the Great Lakes previously described were due to the 
— of the Rocky Mountains. In the one case, 

ecember, 1917, the movement of cold air from north to 
south took place along and to the east of the Rocky 
Mountains, while in the other case, November, 1917, the 
air movement was almost wholly from the WSW. After 
crossing the mountains it was warmed by the descent to 
lower levels, and the skies became clear, thus permitting 
unhindered insolation. The percentage of clear sky— 
sunrise to sunset—in November, 1917, the warm month, 
was as high as 80 per cent in eastern Montana, while for 
the same place in December, 1917, it sank to 20 per cent. 

In the last-named month the cold was doubtless in- 
tensified by a great snow blanket which overspread the 
entire area north of latitude 35°; in the Ohio Valley and 
the Lake region the snow cover lasted well into Febru- 
ary of the succeeding year. It may well be that this 


MONTHLY WEATHER REVIEW. 69 


In general, there is good correspondence between the 
sun-spot curve (if the reader will mentally invert it the 
agreement may seem clearer) and the curve showing 
deviations of temperature from the normal. The spot 
minima of 1889.6 and 1901.7 are both associated with 
an appreciable rise in the temperature. There is also 
a distinct lowering of the temperature roughly syn- 
chronous with the spot maxima of 1883.9, 1894.1, and 
1917.7. The most discordant result is the failure of the 
temperature to reach a maximum in 1913.7. It will be 
noticed that had not there been a drop in the tempera- 
ture in 1912 there would probably have been a maximum 
in 1913. 


TABLE 5,—Annual Soper of temperature from the normal for the 
United States as a whole, computed from district departures (in ° F.). 


| 
Departures. Departures. | Departures. 
Years. ——' Years. Years. 
| Actual. Smoothed. Actual. | Smoothed. Actual. Smoothed. 

1886. . —0.6 —0.1 | 1898.. 0.5 0.3 | 1909. 0.2 0.5 
1887...) 0.1 —0.2 | 1899. 0.0 0.5 | 1910. 0.9 0.7 
1888...| —0.4 | 0.0 | 1900.. 1.6 0.9 1911. 0.9 0.5 
1889. . 0.7 0.4 1901... 0.6 0.8 1912. —0.6 0.1 
1890. . 0.7 0.5 1902.. 0.4 0.3 1913...) 0.7) 0.3 
1891... 0.1 0.1 1903.. —0.2 0.0 1914...) 0.6. 6.6 
1892. . —0.5 —0.4  1904.. —0.1 —0.1 | 1915. 0.2 
1893. . —0.9 —0.4 || 1905. . —0.1 0.1 1916. —0.2 —0.2 
1894. . 0.6 —0.1  1906.. 6.6 0.3 1917...| —0.9 
1895. . —0.8 —0.1  1907.. 0.2 0.4 | 1918...) 0.7 0.3 
1896. 0.2 1908... 0.8 0.5 |, 1919...) 0.7 
1897... 0.45 | 

| ' i 


Positive departures are given in full-face type; negative in ordinary type. 
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Fig. 3.—Smoothed temperature departures, United States as a whole, compared with smoothed sun-spot numbers, 1886-1919. 


great snow blanket was itself a factor in perpetuating 
and possibly intensifying anticyclonic conditions, once 
these were established, as in the cold winter of 1917-18. 
In this connection see the account thereof by Mr. Day 
in the Monruty Wratner Review, December, 1918, 
462570. 

The foregoing paragraphs illustrate the lack of uni- 
formity with respect to the progressive changes of tem- 
perature in two not-widely separated regions, the partial 
control by climatic barriers, and especially the dominant 
control of the secondary circulation at all times. 

Anrual temperature variations during three sun-spot 
cycles for United States as a whole.—I have computed the 
mean deviation of the temperature from the normal for 
the United States as a whole for each year from 1886 to 
1919, both inclusive, and present the actual and the 
smoothed means in Table 5, next below. The smoothed 
deviations have been plotted to form the lower curve in 
figure 3. The curve at the top of this figure represents 
the smoothed sun-spot numbers of Wolfer divided by 10 
in order to bring them within a magnitude suitable for 
plotting. 


41734—21——2 


It has been suggested that the lowering of temperature 
in 1912 at a time when the normal expectation was for 


rising temperature may have been due to diminished’ 


atmospheric transmissibility, which in turn was condi- 
tioned in part, at least, upon the prevalence of dust in 
the higher levels of the atmosphere.' 

It must be admitted that except for the dip in the 
temperature in 1912 there is good parallelism between 
the two curves if we invert the sun-spot curve. It 
seems to be highly important to examine closely the 
world-wide temperature distribution of 1912. To do 
this we have but to refer back to Table 3. 

This table shows that for 1912 there was a pronounced 
excess in the temperature of the Tropics, a smaller excess 
in the zone between 20° and 30° North latitude, and 
thence: northward to 60° N. the temperature was below 
the normal, in the eastern half of the zone, amounting 
to 0.6° C. As has been previously observed the absolute 
maximum of the entire term of years at Habana was 
reached in 1912 and the absolute maximum in Louisiana 


1 Kimball, Prof. H. H., Bulletin Mount Weather Observatory, 1912, 5:161; Mo. 
WEATHER REV., Jan., 1913, 412153. 


bs 


4 
3 
Se 
i 
ig Tig 


70 MONTHLY WEATHER REVIEW. 


was reached the year previous. Referring to the record 
of this year (1911) it is found that the variations in the 
Tropics were small and negative, that in the zone between 
20° and 30° North the temperature was normal and that 
it was above normal in all zones farther north except 
that one between 50° and 60° North latitude. It thus 
appears that the zonal distribution of high temperature 
was disturbed more or less locally in 1911 by low tempera- 
tures, especially in the Canadian northwest, and that the 
distribution over Europe was even more irregular, as 
may be seen from Table 3. 

xamining, now, the temperature curves for New Eng- 
land, Minnesota, etc., it will be noted that a pronounced 
depression of the temperature occurred in the year 1911 
in three out of the five districts, beginning first in Minne- 
sota and being followed by Colorado and last by Louisiana. 
This may be interpreted somewhat as follows: In 1911 at 
a time when world-wide temperatures were rising and the 
temperature in the United States had been continuously 
above the normal for six consecutive years, there set in, 
at first, locally and not absolutely unbroken a swing of the 
temperature toward the other extreme. The change in 
the United States was first noted in the north Pacific 
Coast States for January, 1911. In the following month 
it had overspread the whole of the Pacific Coast States 
and the Plateau region west of the Rocky Mountains and 
subnormal temperature continued over this entire region 
also in April, ey, and June. The first half of the year 
also showed temperature below the normal in Atlantic 
Coast States, beginning in New England in February and 
overspreading the middle and south Atlantic States dur- 
ing March and April. Apparently this eastern depression 
of the temperature was entirely independent of the west- 
ern depression. The latter persisted practically through- 
out the year with a culmination of the cold in November, 
in which month the temperature was consistently below 
the normal except in the Florida peninsula and in southern 
California. Since those regions are the most remote from 
the influence of the secondary circulation, this exception 
is easily understood. The evidence of the year 1911 does 
not support the idea that there is a progressive spreading 
of the abnormalities of temperature from one region to 
another regardless of orographic barriers, but rather that 
the spread is from north to south within the climatic 
province. 

It may be accepted as a fundamental proposition that 
relatively long-continued high temperature is provocative 
of a change to the other extreme; in other words, that the 
tendency is always toward the normal. There are, of 
course, important exceptions to the rule, as when high 
temperature and droughty conditions prevail for several 
months, but in geement the rule holds. As a forecasting 
precept it is utterly useless because there is no way of 
telling in advance when the abnormally warm period will 
come to an end. 

The mechanism whereby the change from higher to 
lower temperature is brought about is evidently through 
the pressure. For some reason not yet clearly perceived 
the leakage of cold air from higher to lower latitudes is 

eater and more easily sebidoptiched in some years than 
in others, and it is said of those years in which the leakage 
is great that it is due to an intensification of the great 
continental anticyclone that overspreaks the continent 
of North America to the northwest of Hudson Bay. All 
of this is ee? true, yet we are still no nearer to a 
solution of the problem. 

The idea that there is a sort of compensation in the 
annual temperature distribution, some regions having 

ositive anomalies which are offset by negative anomalies 
in other parts of the globe, has not much support. It can 
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be shown that there are years of general high temperature 
in all parts of the globe, there are others that are generally 
cold, and still others in which the areas of positive and 
negative departures are almost equal to each other. 
Although some compensation may appear in the last case, 
there is no known means of proving that supposition. 
It has been shown in this discussion, moreover, that a 
temperature distribution of exactly the opposite character 
may prevail in two not widely separated regions. It is 
the universal experience in those regions where the tem- 
perature distribution is best known, that a mixed dis- 
tribution—some regions positive and some negative—is 
the most probable one, and also that as the size of the 
area increases the less is the probability that the tem- 
perature will be, without exception, above or below the 
normal over the entire area. It seems logical, therefore, 
to assert that the same rule must apply when world-wide 
temperature distribution is considered and that only at 
wide intervals should we expect complete and definite 
evidence of the effect of some cosmical cause. 

It is useless to look in the Temperate Zones for evidence 
of changes that may be due to extra-terrestrial sources. 
What, therefore, is most needed at the present moment 
is a critical analysis of existing temperature observations 
in the Tropics; the long series should be reduced to a 
perfectly homogeneous series and a few more first-class 
observatories should be established in both hemispheres 
near the Equator. 

CONCLUSIONS. 


(1) The mean temperature, whether of a week, a month, 
one or more years, is in practically continuous oscillation 
up and down of varying magnitude and duration. 
These oscillations are often concurrent over large areas 
of the earth’s surface; they may or may not be in the - 
same sense. 

(2) Attempts to discover the length of the period of 
oscillation have generally shown that the oscillations 
occur and recur, apparently without order or in any 
systematic way. The bulk of the evidence points to a 
period of between three and four years, or the third of a 
sun-spot cycle, as being that the most commonly ex- 
perienced. 

THE SUN-SPOT CYCLE. 


(3) It is generally recognized that changes in the 
annual mean temperature in the Tropics run parallel 
with changes in the spottedness of the sun; that the heat 
maximum in the Tropics is associated with the epoch of 
spot minimum and that the temperature minimum is 
associated with the epoch of spot maximum. There is, 
however, a lack of synchronism in the variations in sun 
spots and terrestrial temperatures which suggests that 
the two events may not stand in the relation of cause and 
effect but that both events may be due to a common, at 
present unknown, cause. 

(4) The temperature variations in the United States, 
east of the Rocky Mountains and above North Latitude 
40° are so directly controlled by the secondary circulation 
as to render futile any attempt to forecast the character 
of the season in advance. On the Pacific coast and in the 
zone south of North Latitude 40° the outlook is more 
hopeful. 

The amplitude of the variations terrestrial 
temperature that may be due to sun-spots is small, less 
than 1° C. on the average in the Tropics and diminishing 
thence toward the poles. In the United States, as shown 
in Table 4, the range from the year of highest temperature 
at sun-spot minimum, 1900, to the year of lowest tem- 
perature in a year of spot maximum, 1917, amounted to 
2.5° F., 1.4° C. 
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SEQUENCE OF WINTERS IN THE NORTHEASTERN UNITED STATES.' 


By F. Brooks, Meteorologist. 


{Weather Bureau, Washington, D. C., Jan. 30, 1921.) 


SYNOPSIS. 


A study of the sequence of mean winter temperatures since 1812 
in the northeastern United States shows apparently no other than a 
chance relationship four-fifths of the time. The other fifth includes 
two remarkable series of alternating cold and warm winters, with 
almost identical preliminaries of a few moderately mild winters, an 
ordinary or moderately-cold winter, and then a severe winter, which 
which opens the alternating series—severe, warm, severe, warm, etc. 
The opening severe winters in these two series were those of 1872-73 
and 1917-18. Thus we examine with interest the records of the 
winters of 1876-77, 1877-75 ...., 1882-83 and wonder whether the 
winters of 1921-22, 1922-23 ...., 1927-28 will alternate cold, warm, 
cold, etc., a those of 45 years ago did for such a long period. A study 
of the weather maps of these winters of the seventies and eighties in 
conjunction with those of the past few years and of the present might 
show not only the immediate cause of these alternating winters, but 
also might give us a hint as to when to expect our present series of 
alternations to cease. 


INTRODUCTION. 


The sequence of seasons has long been known to be 
not a chance one. Weather types tend to persist rather 
than to change. European? and American * investiga- 
tors seem to have established the fact that a season 
ee ae above or below normal in temperature is 
likely to be followed by one to three or more seasons 
having temperature departures in the same direction. 
Thus it may be that ‘forecasters’? of mild or of cold 
winters who rely upon some biological signs * in autumn 
may justly claim more than chance success, though for 
reasons different*from those commonly advanced. Five 
out of the seven winter predictions which came to me 
last fall from newspapers east of the Mississippi River 
were to the effect that this winter would be mild, accord- 
ing to indications afforded by birds, worms, squirrels, 
muskrats, frogs, etc. It should pay meteorologists to 
compare further*® the types of tracks of HigHs and 
LOWS in autumns preceding cold winters with those 
preceding mild winters and to correlate departures of 
temperature, or other weather elements, in September, 
October, and November with the character of the fol- 
lowing winter months, at many places. ° 


IS THE SEQUENCE OF WINTERS A CHANCE ONE? 


Perhaps we can get some indication of the character 
of a coming winter from that of the preceding one. In 
the last 50 years’ record’ throughout the northeastern 


ni. oo presented in more detail before American Meteorological Society at Chicago, 
-» Dec. 28, 1920. 
a. See Hann, J. von, Lehrbuch der Meteorologie, 3d ed., Leipzig, 1915, pp. 629, 630, 

1, 632-637. 

’ Fassig, Oliver L., Climate and weather of Baltimore, Maryland Weather Service, 
1907, pp. 103-104. 

Cox, H. J., and Armington, J. H., The weather and climate of Chicago, Geogr. Soc- 
of Chicago, 1914, pp. 23-24. 

4See Animal weather prophets, Mo. WEATHER ReEv., February, 1920, 48:98; and 
Weather by rule of thumb, Bull. Am. Metl. Soc., April, 1920, 1:39. 

5 Such an investigation by Mr. E. H. Bowie, supervising forecaster, Washington, D.C. 
is in progress. 

6 Mr. i. H. Scarr’s discovery that open winters followed 9 out of the 12 unusually 
pra Octobers in the past 50 years at New York City should be encouraging for further 
work. 

7 In this study the mean temperatures of December, January, and February were 
added together and divided by 3. The resulting ‘mean winter temperatures” may be 
objected to on several grounds: (1) The temperature of each day in February has a 
weight 10 per cent greater than that of each day in January and December; (2) one 
extremely cold month, which would give character to the winter as a “severe” one, 
might have its large minus departure in temperature nearly or entirely obliterated by 
plus departures in the other two months; and (3) winter weather in November, March, 
and even other months does not show. Objection (1) could be answered only with 
considerable labor. The refined means would in any event not differ greatly from those 
used. Objection (2) could be answered more or less satisfactorily by substituting either 
(a) the number of days with maximum temperature freezing or below, or (6) the day- 
_ degrees of temperature below freezing. (Cf. Angot, Alfred, On a method for classifying 
winters, Mo. WEATHER REV., November, 1914, 42: 625.) A curve of (@) was made for 
Washington, and the values of (b) have been published. (Abbe, Cleveland, jr., Wash- 


quarter of the United States, the winters alternated 
warmer-colder-warmer, etc., in four-fifths of the cases, 
whereas by chance such alternations should have occurred 
in only two-thirds of the cases. The most important 
single group of alternations involved the 12 consecutive 
winters from 1871 to 1883. At Washington, D. C., New 
York, N. Y., and Cincinnati, Ohio, minor alternations 
lasted till 1886, and at Chicago till 1887. (See fig. 1.) 
Such a sequence of alternating colder and warmer 
winters was evidently the result of an oscillatory move- 
ment of the North Atlantic and North American “ grand 
centers of action of the atmosphere.’® When large 
changes between the characters of successive winters 
occur on one side of the Atlantic, large ones are usually 
occurring on the other side as well. Places even as far 
separated as Paris and Washington show this connection, 
at least so far as the period with 40 winters, 1872-1912, 
is concerned.” 

Mainly as a result of this long period of alternating 
winters, so much above and below the average, a count 
of the unusually cold winters (i. e., those having mean 
temperatures more than 3° F. below the average), for 
example, in the 50-year record at Washington, shows 
that a winter with a marked departure (3° F. or more) 
from the average was usually followed by an 2 sou Ne 
departure of marked degree the next winter. Followi 
each of 6 out of the 7 cold winters (more than 3° F. 
below the average) the next winter was at least 1.5° 
above the average, and half were more than 3.5° above 
the average. Each of the winters following immediately 
after 7 of the 9 winters more than 3° F. above the average 
was at least 1.1° below the average, and 3 were more 
than 3° below the average. An examination of the 
New York City temperature data gives much the same 
results." Last winter having been cold, it appeared 
that the chances were 6 to 1 that this one, 1920-21, 
would be warm.” 

There being some smaller as well as larger alternations 
in the mean winter temperatures, it seemed desirable to 
make dot charts showing the sequence of winter to 
winter and of a first winter to the second one after. As 
was to be expected, the lines of best fit on these charts 
indicated a warm winter to follow a cold one, a normal 
winter to follow a normal one, a cold winter to follow a 
warm one, and any winter to be like the second one 
preceding. Values for each winter obtained from the 
averaged indications of the two dot charts for Wash- 
ington, D.C., came within 2° F. of the actual winter means 


ington and Paris winters, ibid., pp. 626-628.) On comparison with the curve of mean 
winter temperatures no essential differences in the general forms of the three were in 
evidence. Objection (3) is not important. A comparison of curves (a) showing days 
with maximum temperature freezing or below for December to February, inclusive, 
and for October to April, inclusive, indicated that little was likely to be gained from the 
addition of other months to December, January, and February. The answers to objec- 
tions (2) and (3) are based on data for Washington, D. C., only, and thus may not hold 
for more northerly stations, where winters are longer. (See also, Winter types on the 
basis of five-day temperature means, and On mild winters, ibid., February, 1920, 48: 102.) 

8 Besson, L., On the comparison of meteorological data with results of chance, ibid., 
89-94. 

®See Gregory, J. W., Meteorological influences of the sun and the Atlantic, Mo. 
WEATHER ReEv., August, 1920, 48: 465-466 (repr. from Nature (London), Aug. 5, 1920, 
pp. 715-716); Stupart, R. F., The variability of corresponding seasons in different years, 
abstr. in Mo. WEATHER REv., February, 1920, 48: 101; Brooks, C. F., Ocean tempera- 
tures in long-range forecasting, ibid., November, 1918, 46: 516-512: and Humphreys, 
W.J., Why some winters are warm and others cold in the eastern United States, ibid., 
December, 1914, 42: 672-675, 35 charts. 

10 The findings here mentioned were computed by C. F. B. from data givenin Table 
2, p. 627, Cleveland Abbe, jr., loc. cit. Ti ; 

11 Cf. curve of winter temperatures and discussion by J. Malcolm Bird, in Sci. Amer., 
Mar. 6, 1920, pp. 253, 261, 262, and further discussion by C. F. Brooks, Mo. WEATHER 
Rev., February, 1920, 48: 101, 102. 

12 SeeMo. WEATHER REV, ibid., p. 102, and Bull. Am. Metl. Soc., May, 1920, 1: 49. 
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in 67 per cent of the cases, whereas the winter means 
were within 2° F. of the average in only 42 per cent of 
the cases. 

An interesting circumstance in connection with the 
use of these dot charts was that the indications from the 
Washington, D. C., “forecasting”’ lines of best fit gave 
better “forecasts” of mean winter temperatures at New 
Bedford, Mass., New York, N. Y., and even Chicago, 
Ill., than did the best dot charts prepared from ¢ 
observations made at these places themselves. The 
reason for this seems to be that Washington temperatures 
better indicate the general conditions controlling the 
winters of the northeastern United States than do the 
temperatures at other places, at which the local effects 
of snow-cover, lake or ocean influence may occasionally 
obscure general tendencies in the temperature. 


SEGINNING 


Fepruary, 1921 


those outside the group comprising the less extreme half 
of the winters), seem to be just what would be expected 
by chance. Two evidences of a connected sequence, 
however, are not blotted out: (1) Following unusually 
cold winters (3° F. or more below the average) the 
chances are 10 to 4 at New Bedford, Mass. (record 
1812-1920), that the next winter will be above the 
average in mean temperature. This percentage, 71, is 
decidely higher than the percentage, 47, of winters 
above the average. The corresponding percentages for 
the Baltimore (adjusted) wnroer 4 (1817-1920), in which 
there were 12 cold winters, are 67 and 45. Following 
unusually warm winters the chances for a cold winter 
are only 9 to 7 at New Bedford and 11 to 9 at Baltimore. 
(2) It does not seem likely that chance could produce an 
unbroken series of 12 to 16 alternating colder and warmer 
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Fic. 1.—Three series of alternating winters in the northeastern United States since 1780. (NoTe.—The temperature departures for the winters 1868-1888 and 1913-1921 are those 
from the average of the 50 winters [( December+-January + February )/3], 1870-1920.) . 


The alternations in the past 50 years were so striking 
that there seemed to be grounds for reasonably accurate 
forecasts of coming winters by means of these dot charts 
with their lines of best fit. Fortunately, there were 
records for 50 or more winters before 1870, which could 
be used as a test. It was disconcerting to find that the 
indications of these “‘forecasting’’ lines would have been 
no better than forecasts of “normal” for this earlier 
period. Practically all other like discoveries of alleged 
periodicities and correllations meet such a fate when 
critically tested. 

On taking long records—100 years or more—as a 
basis for statistical study of sequences of winters, what 
have we left of the encouraging indications afforded by 
the last 50 years? The number of alternations, the 
sequence of appreciable alternations, and the sequence 
after the individual cold or warm winter (i. e., one of 


winters, and then 45 years later produce another sequence 
of 8 winters almost exactly like that at the start of the 
long series of alternations. (See fig. 1.) 


HOW LONG WILL THE CURRENT SERIES OF ALTERNATING 
WINTERS PERSIST ? 


Something about what to expect during the next few 
winters may be gained from a study of the weather maps 
of the Northern Hemisphere for the seventies and early 
eighties in comparison with those of the past five years 
and the present.” The New Bedford (1812-1920), New 
Haven (1780-1920), and Baltimore (1817-1920) records 
were examined for other periods having a sequence like 
those of 1868-1876 and 1913-1921, and but one was 
found, 1800-1808 (fig. 1). In a qualitative record of © 


18 For other suggestions as to desirable lines of investigation, cf. references in footnote 9. 


| 
i 
| 
if\\ 
497-18 iff \ if, 1921-22 | 
| 
WA 
Vi 
| | 


Fesrvary, 1921. 


winters at Cincinnati, Ohio, 1788-1813, and 1817-1835 
(when reliable instrumental records began), kindly com- 

iled for me by Mr. W. C. Devereaux, the period of winters 
rom 1800-1808 is similar to the New Haven record. 
(See fig. 1.) Figure 1 shows also the sequence of tempera- 
ture (relative to average of last 50 years) from 1868 or 
1870 to 1888 and from 1913 to 1921 at New Bedford, 
Mass., New York, N. Y., Washington, D. C., Cincinnati, 
Ohio, and Chicago, Ill. It will be noted that the sequence 
of the few winters preceding the beginning of the strong 
alternations was essentially the same in the series of 45 
years ago and 113 years ago as that now in progress, and 
that the swings up and down are of the same order in the 
three periods. It seems not unreasonable to expect that 
the winter of 1921-22 will be a cold one and possibly that 
that of 1922-23 will be a warm one. Before we should 
dignify such expectations with the term ‘‘forecast,’’ how- 
ever, the characteristics of the weather in the early 
eighties, and, if possible, in the first decade of last cen- 
tury, should be compared closely with those of the present 
time, to enable us to recognize whether or not our present 
weather has characteristics of the years immediately pre- 
ceding the break-up of the earlier periods of alternating 
winters. 

Perhaps by finding the common factors of the general 
weather of North merica and of the North Atlantic 
in the periods 1870-1876 and 1915-1921 we can get a pre- 
liminary understanding of why the winters alternate, and 
by studying the general weather of 1876-1883 what indi- 
cations in the near future may be recognized as presaging 
the end of our current period of alternations. 

Even if we can not say for winter after winter what the 
character is likely to be, we can say that immediately 
after a cold winter the chances are two to one or better 
in favor of a mild or warm one, and that a period of alter- 
nating cold and warm winters which is general over a 
large part of the eastern United States may continue for 
tia winters, as cold-warm-cold, etc. 


CONCLUSION. 


Our winter temperature data show that in the sequence 
of winters are evidences of some control, and therefore 
that studies of the positions of grand centers of action 
of the atmosphere and _ their changes from winter to 
winter are well worth undertaking if we would have suc- 
cessful forecasts of the character of winters. 


DISCUSSION. 
By H. W. Ciovan. 


The paper of Dr. Brooks is essentially a contribution to 
the question of the existence of an aperecanels two-year 
period in weather. Such a period has been claimed by 
other investigators, notably Clayton ' and Helland-Han- 
sen & Nansen.? Clayton investigated a 25-month period 
which he found to persist with remarkable regularity 
during the seventies and eighties of the last century, but 
later on the periodicity disappeared. 

Obviously it is important to determine to what extent 
these alternations differ in amount from what would be 
expected if there were no relationship between one winter 
and the following one. Besson has shown that in a series 


1 Clayton, H. H., A lately discovered meteorological cycle. Amer. Metl. Jour., vol. 1 
1885, pp. 130, 538. 

? Helland-Hansen & Nansen, Temperature variations in the North Atlantic Ocean 
andthe atmosphere. Smithsonian Institution. Misc. Coll., vol. 70, No. 4, 1920, p. 262. 
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of N numbers there are 35; (N-3) single rises and falls, or 
about 41 for every 100 numbers. This is the total num- 
ber of single rises and falls. It is necessary in addition 
to determine the relative frequency of groups of succes- 
sive alternations from 1 to 10. The formula deduced by 
the writer giving the probability of a series of n successive 
rises and falls in a series of unrelated numbers is approxi- 


mately (73) (3) 


ries of 10 suecessive rises and falls is about 0.085 for every 
100 numbers and the total number of groups of five or 
more successive rises and falls is about 1.5 for each 
100 numbers. 

Applying Besson’s tests to some of the series of winter 
temperatures compiled by Dr. Brooks, the results are 
shown in the following table: 


Thus the probability of a se- 


Number pe yao Single | Theo- 
Stations. of years and Per cent. | rises and| retical 
record hollows. | falls. | number. 
90 62 69 45 37 
Now | 107 68 64 | 43 | 43 
i 


It will be seen that the number of crests and hollows 
averages close to the theoretical 67 per cent for each 100 
numbers. The number of single rises and falls is some- 
what greater than the theoretical number for Chicago and 
Cincinnati and about the same for the longer series at 
New Bedford and Baltimore. The excessively large 
number of alternations in the seventies and eighties 
probably accounts for the excess in the number of single 
rises and falls. This is a unique series of 12 alternations 
and the chances are for one such occurrence in about 
3,000 years if there were no relation between successive 
winters. This sequence, however, is so unique that it 
may be doubted whether it would occur again in 500 years 
or more. There is nothing even remotely paralleling it 
during the 140 years since observations are available in 
the United States. It is hard to escape the conclusion 
that this series indicates some sort of systematic relation 
between the successive winters, but, on the other hand, 
it may be equally true that the particular grouping of 
events combining to produce this series might not again 
occur in centuries. 

There have been other groups of five or more successive 
alternations at single stations during the past 140 years. 
At Chicago there were two such groups of five or more 
single rises and falls; at Cincinnati, 3; at New Bedford, 
2; at Baltimore, 2. The only noteworthy series common 
to two or more stations was one from 1890 to 1899, com- 
om seven to eight successive alternations shown at 

ew Bedford, Baltimore, and Cincinnati. Some of the 
changes were, however, less than 2°, and changes from 
warmer to colder or colder to warmer, instead of changing 
from one side of the normal to the other side. The 
series shown on the diagram (p. 72) in Dr. Brooks’s paper, 
from 1804 to 1810 at Cincinnati and New Haven, 
contains five alternations. 

There are therefore, two, or at most three, series of five 
or more alternations during the past 140 years, coverin 
any extensive area. The theoretical number, as statec 
above, is about 2. There is little, therefore, in this 
showing to support the theory of a systematic tendency 
to alternations of winter temperatures. The observed 
deviations from the theoretical number for a series of 
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unrelated numbers may be plausibly regarded as merely 
the probable deviations of random sampling. 

Another line of evidence tending to show the fortuitous 
character of the occurrences relates to the probability of 
the frequency of the intervals from crest to crest or 
hollow to hollow in a series of unrelated numbers. This 
serves as a criterion for testing the conformity of meteor- 
ological data to the requirements of fortuitous occur- 
rence. According to Besson, in a series of unrelated 
numbers the number of two-intervals is greater than the 
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number of three-intervals in the ratio of 40 to 33. A large 
number of series of annual means of temperature and 
pressure at stations in Kurope and the United States were 
examined and practically ali show « decided preponder- 
ance of the three-year interval. 

Dr. Brooks’s later conclusions, therefore, that the 
sequences of winter temperatures, particularly as regards 
alternations of warm and cold, are mainly what would be 
expected from chance occurrence seems to be borne out 
by the evidence presented above. 


A POSSIBLE RAINFALL PERIOD EQUAL TO ONE-NINTH THE SUN-SPOT PERIOD. 


By Dinsmore Aurter, Ph. D. 


{University of Kansas, Lawrence, Kans., Oct. 1, 1920.] 


SYNOPSIS. 

The first search for a rainfall periodicity was based on a hypothetical 
constant periodicity equal to Turner’s earthquake period which is 
exactly one-ninth of the mean sun-spot period. The results were 
inconclusive, but indicated that a further search might be worth while. 

Next a graphical method was devised by which it was possible to 
vary the length of this periodicity, keeping it always in step as the 
ninth harmonic of the varying sun-spot period. The results obtained 
were much more conclusive. 

All the sectional rainfall averages for each of the 42 sections of the 
United States were examined and tables and curves showing the results 
for each of three parts of the United States (Eastern, Central, and 
Pacific) are appended to the paper. The first half and the last half of 
the data were for the most part considered separately and a fair simi- 
larity obtained from these stretches of independent data. Curves from 
these separate data are plotted together in order to show plainly points 
of resemblance and of dissimilarity. The reader must judge for him- 
self whether these resemblances can be accidental or must be due toa 
real periodicity. 

The work is being continued and it is proposed to examine the data 
of other countries and to search for other possible harmonics of the 
sun-spot period. An examination of temperature data is also planned. 


INTRODUCTORY. 


In August, 1915, Dr. A. E. Douglass read a very inter- 
esting paper before the Berkeley meeting of the American 
Astronomical Society regarding an investigation of the 
growth of trees in many — of the world, indicating an 
11-year period in rainfall (1). 

t seemed to me that the data collected by the Weather 
Bureau should definitely settle such a question of periods. 
Some preliminary reading showed, however, that a tre- 
mendous amount of imadthed been spent on the problem 
(2) and that if solvable it must be very complicated. 
Other work prevented starting any actual investigation; 
then the war intervened and the problem was untouched 
till the spring of 1919. The first data examined were 
those from Lawrence, Kans., where records since 1868 
are available. Several hundred hours of work showed 
nothing. Once a stretch of five years was found which 
resembled another five quite closely after eliminating 
the seasonal curve. Another time resemblances were 
found after about 22 years. All such were easily ex- 
plainable as accidental. It seemed useless to carry the 
work further with the data at hand. 

A paper by Prof. Turner (3), however, gave me a new 
suggestion, although there was little if any logical reason 
for any connection. In this paper, Prof. Turner shows 

lainly the existence of a period in earthquakes with a 
ength between 14.8421 and 14.8448 months. It oc- 
curred to me that this period might be commensurable 
with the sun-spot period. Upon multiplying it by 9 I 
obtained 11.13 years, which is the mean sun-spot period 
to the exact hundredth of a year. Such an exact coin- 
cidence is very probably not accidental (4). 


My next move was to examine all sun-spot data in 
order to find whether such a period also exists in sun- 
spots as the ninth harmonic of the primary period. 

he preliminary results based on a constant period 
equalling one-ninth the mean sun-spot period were in- 
conclusive though possibly favoring the existence of the 
period. After the investigation of the rainfall data the 
problem was attacked again in a different manner and 
led to a much more positive result. This will be dis- 
cussed more fully in a later paper. The idea now came 
to me to investigate the rainfall data by the same method 
that Prof. Turner has used on the earthquake data. 
This method is available only after some extraneous 
idea has indicated at least an approximate period to be 
investigated. 


MATERIAL SUITABLE FOR HARMONIC ANALYSIS. 


A mass of observational material when plotted with 
time as abscissae and observed values as ordinates may 
show no repetition of the same curve, even though such 
a curve might exist. There may be nothing definite 
about it to indicate a period. In such cases ordinary 
methods of harmonic analysis become useless. This 
failure to repeat values, when a period exists, may be 
due to any one or more of the four following causes: 

(4) Incommensurable periods may coexist. In_ this 
case the curve will never a. itself, although for short 
periods of time there may be a fairly close approxima- 
tion to such repetition. If there are three or more in- 
commensurable periods the curve obtained for the data 
is very complex. For example, the seasonal variation of 
the rainfall would be incommensurable with a possible 
one equalling the sun-spot period. Of course, d cae of 
such periods is known, as in the case of the seasonal 
variation in the example above, it may be eliminated. 

(b) There may be large accidental errors. Such errors 
mask a periodicity almost completely in any one cycle 
and disappear only when the data values in each of a 
number of well-distributed phases are added through 
many cycles. From the theory of errors their influence 
will be inversely proportional to the square root of the 
number of cycles aided. 

(ec) Long-period variations may exist. If there are 
periods longer than the interval of the data they will 
produce much the same effect as accidental errors or in- 
commensurable periods. 

(d) There may be periods which vary in length. An 
example of such a period is the sun-spot period, which, 
although averaging 11.13 years, has varied from 7.3 to 
17.1 years during the last 115 years, 
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When any one of these four difficulties exists it is 
almost (10) impossible successfully to treat the problem 
unless the investigator stumbles upon the true period 
either by a fortunate sugepetan, by some reason extrane- 
ous to the problem, or by the patient trial and error 
method by which Kepler found his three laws of planetary 
motion. 


METHOD USED BY TURNER IN EXAMINING THE EARTH- 
QUAKE DATA. 


The exact form of this method is due to Schuster (7) 
and is a slight modification of the one astronomers use 
in examining the radial velocities of spectroscopic 
binaries and other data. Suppose that we Som a mass 
of material—for example, the number of earthquakes 
recorded per month, or the rainfall per month—through 
many years. Plotting shows no periodicity, or at the 
most only a faint hint of such. Some chance leads us 
to suspect a period of, for example, 15 months. We can 
write the first 15 months’ data in a row as the heads of 
as many columns. The sixteenth month, the thirty- 
first, etc., will follow successively in the first column, the 
seventeenth, thirty-second, ete., in the second column, 
and so on to the thirtieth, forty-fifth, etc., in the fifteenth 
column. Each column will then contain only months 
which are in the same phase of the suspected period if it 
actually exists. 

We will refer to one such row as a cycle, and to the 
columns as phases. Suppose the period to exist. It may 
not show in a single cycle, probably will not, because of 
large accidental errors or incommensurable periods, either 
or Both of which,may be present. But the months of any 

hase of an incommensurable period will, in the long run, 
SS almost evenly distributed through all the phases of 
our assumed period, and will, therefore, be subject to the 
same laws as accidental errors; namely, their influence 
will be inversely proportional to the square root of the 
number of cycles. In the course of four cycles (five years 
in our present example), their importance will be only 
half as great as for any one cycle; after 16 cycles one- 
quarter as great, etc. However, the effect of our as- 
sumed 15-month period will be equal in each period and, 
therefore, as prominent in the average as in any one 
cycle. Thus, no matter how large the accidental errors, 
or the variation due to incommensurable periods, the 
true variation from phase to phase will begin to appear. 
If the assumed period does not exist the mean values of 
the phases will approach each other as we increase the 
number of cycles. 

This last point gives us two very powerful criteria for 
the verity of our assumed period: 

(a) Having given a large number of cycles, we may 
compare the “si values of the first half of the cycles 
with those of the latter half. If the variation be real the 
curves from the two halves of the data should agree fairly 
well. If the variation be accidental there can be only 
chance resemblance. Unless the assumed period exists 
the two halves of the data are entirely independent if 
there are enough cycles to eliminate residuals of other 
periods that might exist. ; 

(b) Having obtained the phase values as above for 
each half of the data, we may consider half the difference 
of identical phases in the first and last halves of our data 
as a measure of the deviation of the two curves from each 
other and of the amount of chance error left in each 
phase. Call this half difference d. We will have in this 
example d,,d,_... ..d,;.. The probable error of any point 
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on the curve which is formed from the whole of the data — 


will be given by the formula. 


0.6745) 
n—1 


If this probable error is as large as half the variation 
from maximum to minimum phase there is an appreciable 
chance that the variation is accidental. If it is smaller 
than about one-fourth the variation, the chances are less 
than one in a thousand that it is accidental. Both these 
criteria must be applied in any case under discussion. 

Let us suppose that the assumed period is not an exact 
number of months; for example, 144 months. In this case 
seven cycles will equal 104 instead of 105 months. We 
must spread our 104 months over seven cycles of 15 phases 
each; that is, over 105 phases. To do this we will fill each 
of the first six cycles and the first 14 phases of the sev- 
enth cycle just as formerly, using all the data that we 
have for seven cycles. We will then use the month’s data 
which we used for the 14th phase of the 7th cycle again 
in the 15th phase. Doing this, no month will fall more 
than a half phase from the proper one as determined by 
the mean of all positions. If we assume a period of 154 
months we will merely skip. one of the month’s data, or, 
better still, average it with the two immediately adjacent. 
In this manner any period may be plotted with any 
number of phases desired and no month’s data more 
than a half phase from its proper place. 


FIRST APPLICATION OF THIS METHOD TO RAINFALL, 


One-ninth of the mean sun-spot period is very nearly 
146 months. I tabulated all the rainfall data from 
Lawrence, Kans., beginning 1868, according to the 
method outlined above. The result showed a variation 
of about 12 per cent each side of the normal. Next I 
divided the data into halves and found the two to agree 
fairly well. Following this I examined data from all of 
Kansas, from Nebraska, New England, and Ohio. The 
data from Ohio checked fairly well; those from New 
England and Nebraska gave results which were dis- 
cordant with themselves. The variation of the sun-spot 
period now came to mind. If there were any real varia- 
tions due to sun-spots or to a common cause it would 
certainly have to keep a constant relationship with the 
phases of the sun-spot period. 

Table I shows the dates of maxima and minima of 
sun-spots as determined by Wolf and Wolfer (5). It 
also shows the number of years intervening between 
successive maxima or minima; in other words, the actual 
sun-spot periods during those years. As a first approxi- 
mation to keeping the phases in step with the sun-spots 
I plotted the rainfall between the dates of each pair of 
consecutive minima on a period of one-ninth that interval. 
For example, minima occurred 1889, August and 1901, 
September. The interval is 145 months. I therefore 
used a period of 16} months between these dates. The 
next minimum occurred 1913, May. This interval is 141 
months, and J used a period of 15§ months between 
these dates. When this was done I secured very much 
better results than before, so much better that I could 
not believe them due to accident. I obtained similar 
curves for each State the whole length of the Atlantic 
and Gulf coasts as far as Texas. When the data of New 
England and Pennsylvania were divided in _ halves, 
curves similar in shape were obtained for each, differing 
only in phase. This improvement over the results from 
a constant period indicated that a more rigid methed of 
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Reeping constant relationship with the sun-spot phases 
should be devised before definite conclusions were drawn. 


RIGID FOLLOWING OF THE SUN-SPOT PHASES. 


It is evident that the sun-spot period between the 
minima named above had values of 145 and 141 months, 
respectively. Let us examine the two maxima occur- 
ring within these dates. One occurred 1894 February 
and the other 1906 May with an interval of 147 months. 
This must have been the value of the sun-spot period 
between these dates. It is longer than the period ob- 
tained from eith:r pair of minima named above, yet 
it occurs as part of each of them and contains no part 
that is not in one or the other of them. We are forced, 
therefore, to the conclusion that if continuous (6)— 

The length of the sun-spot period is continuously varying 
(2) and a value of the period obtained between successive 
maxima or successive minima is merely an average of all 
values passed through in this interval. 

If we had a curve with time plotted along the axis of 
abscissae and the corresponding values of the sun-spot 
period as ordinates, the average value of the sun-spot 
period between the maxima or two minima occurring at 
t, and ¢, would be given by: 


ty 
t, — t, = Average value = curve 


If we plotted abscisse and ordinates on the same scale, 
these average values would form squares bounded by 
ordinates through the dates which limited them. The 
area between the axis of abscisse and the unknown 
curve described above, representing the actual value of 
the period at any date, in the interval between two 
maxima or two minima would have to equal the cor- 
responding known square. Since these squares overlap 
we know the values of a series of overlapping definite 
integrals of the unknown curve. From these data it is 
rece assuming the simplest curve to be the true one, 

y the aid of a planimeter, to construct the curve without 
knowledge of its mathematical form. In doing this it is 
easier to choose some convenient period as the axis of 
abscisse and to measure departures from this period. 
Changing the axis in this way merely changes all the 
integrals by a known constant amount and changes the 
known squares into known rectangles. It is also prac- 
tical to magnify the scale of ordinates very much over 
the scale of abscisse. Locating the curve consists first 
in measuring the area of each of the rectangles; then 
penciling in what appears to be the curve, measuring the 
definite integrals of the approximate curve with the 
planimeter ; =, for a new approximation and repeat- 
ing many times. In the curve of sun-spot values repro- 
duced as figure 8 I have erased each part of the curve 
probably a hundred times. Although very laborious, the 
Sot with enough patience yields very , results. 

ne accuracy of the period curve depends upon the 
accuracy with which the epochs of maxima and minima 
are obtained. A steep, but narrow, peak, such as that of 
1861, may be unreal for this reason. However, due to 
the short duration of such a peak and the fact that it 
must almost immediately be counterbalanced, there will 
be little effect in data extending over a long range. 

In the preceding paragraph I have spoken of the sun- 
spot period at any date as a varying quantity not even 
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approximately constant through a single cycle. This 
may necessitate a definition of “period”? somewhat dif- 
ferent from what is ordinarily understood. I therefore 
give the following definition which will be adhered to 
whether referring to sun-spots or rainfall. 

The period at any date vs the rate of change of phase at 
that date and need not continue even approximately through 
a complete cycle. 

From this curve I have taken the mean value of the 
sun-spot period for each year. These values are given as 
column 2 of Table 2. Column 3 gives the departures from 
15 months of one-ninth these values. Obviously, 15 
months was chosen because it is the nearest integral 
number of months to one-ninth the mean sun-spot period. 
The unit for column 3 is one-ninth of a month. If, for 
example, the number given for any year in column 3 were 
+9, it would mean that during that year one-ninth of 
the sun-spot period was 16 months. If it were —9 it 
would mean that this period was 14 months. In the 
first case it would be necessary, working on a 15-phase 
basis, to skip a month every 16 months as long as the 
period persisted; in the second case to repeat one every 
14 months. We can thus construct a table of months to 
be repeated in the analysis of our rainfall data when the 
ninth of the sun-spot period is less than 15 months, or to 
be skipped (or better still, averaged with the two adjacent 
ones) when the ninth is more than 15, in order that 
Wolfer’s sun-spot maxima may all fall in one phase and 
his sun-spot minima is one. 

In this work I have in each case averaged the month 
to be skipped with the months immediately adjacent, 
instead of actually skipping. Thus three months’ data 
give two phases, the result desired through skipping, and 
all data is used. There is, however, such a slight gain in 
accuracy that I do not believe it worth the slight extra 
work involved. If this is done the maxima of all the 
cycles of the sun spots will always fall in one phase of the 
suspected rainfall variation and also the minima in one. 
Wolfer’s values of maxima and minima are uncertain by 
a month or so, and I have therefore considered the placing 
of them within one phase from the mean as a perfect check 
in determining the months to be averaged or repeated. 
Should there be a greater error than this in determining 
the position of a maximum or a minimum it would mean 
that there was a slight error in the curve and that it was 
necessary to apply a slight adjustment factor to the values 
of the period vakne from it. Inno case have I had a large 
factor to apply, thereby showing that the curve as con- 
structed was approximately correct. Indications from 
the work explained above are that the period taken from 
it can be relied upon to within three or four months and 
that such errors as do occur are canceled in most cases by 
ones of opposite sign before adjustment has become 
serious. Table 3 shows which months I have averaged 
and repeated in the analysis of the rainfall data of each 
State of the United States. It is probably useless to 
emphasize that there was no change in this table for any 
of the 42 sections into which the Weather Bureau has 
divided the United States. At first thought the results of 
Table 3 and of figure 8 are startling. However, an 
inspection of the much greater changes in the period which 
have persisted through entire cycles during the last 115 
years, namely, from 88 to 205 months, show that these 
variations through shert periods of time are to be ex- 
pected. Moreover, there is no way to draw a curve 
satisfying the necessary conditions and having smaller 
variations, unless possibly by introducing more points of 
maxima and minima upon it. Such a complication would 
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be much less erwees than the variations shown by the 
present one, all of which variations are less than the varia- 
tions from the mean value of complete cycles of approxi- 
mately 11 years have been in the rather recent past, as 
shown by Pable 1. 


THE RAINFALL DATA EXAMINED. 


| have examined all the rainfall averages given for each 
of the 42 sections of the United States in the Monthly 
Climatological Data published by the Weather Bureau. 
The dates of beginning of all section records are shown in 


--- FIRST HALF OF DATA 
SECOND HALF OF DATA 
—— ALL OF DATA 
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Fig. 1.—Unsmoothed rainfall variation for 26 Eastern ‘tates. Fundamental period 
equals one-ninth sun-spot period. Halves of data shown separately. 


the tables accompanying this article. Of course, since 
the epoch of sun-spot minimum is always in the same 
numbered phase, i. e., phase 4, one section will begin its 
record on, say, a phase 1, another on a phase 7, etc. Care 
must be taken to work back, using Table 3, to get the 
initial data properly placed. All these data have been 
gathered to one sheet for each section and then tabulated 
as outlined above, repeating or averaging the months as 
named in Table 3. Of course it has been impossible to 
use the recent data for this work since it is necessary to 
have both a sun-spot maximum and minimum after the 
last date for which figure 8 is accurate. 

The last minimum occurred in 1913, and all data since 
then are thus unavailable for use in examining the exist- 
ence of the period. This would not be a handicap for 
predicting, if the period should be proved to exist, since 
the course of the maxima and minima could be followed 
from cycle to cycle by using means from a large number 
of sections and an extrapolation made for a cycle in ad- 
vance without serious error. Indeed, in such a case it 
might be possible toe predict the time of the next sun-spot 
maximum or minimum from the rainfall data. 

Effect of annual cycle-——In many cases the residual 
left from the seasonal variation is large enough to dis- 
tort the curves materially. I have therefore, except in 
the cases of New England and New York, where it is 
smallest, carefully eliminated it, no matter how large or 
how small. To do this I have sag foc two tables for 
each section according to the plan previously outlined, 
repeating and averaging in each one the months deter- 
mined by Table 3. In the first of these tables I have 
used the actual values of the rainfall as given in Clima- 
talogical Data. In the second I have used instead of 
each January the mean of all the Januaries and so on 
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for each month of the year. In this second table the 
mean monthly values were repeated or averaged exactly 
as in the first one to give a table entirely similar to the 
first table. The variation from phase to phase in this 
second table is, therefore, entirely the seasonal residual 
and contains all of it. For the average State in the 
country it is approximately 4 per cent each side of the 
normal, the rest of the seasonal variation having been 
damped out by the oor of tabulating the incom- 
mensurable period which is being investigated. The 
quotients of each phase in the first table divided by the 
corresponding phase of the second give us the per- 
centage of normal rainfall of that phase for the section 
concerned throughout all the years of the data. These 
percentages have been obtained and tabulated for each 
of the 42 sections of the United States. In no case has 
there been any smoothing of results other than that 
marked in the tables where the mean has been smoothed 
for purposes of diagrams in addition to those represent- 
ing the unsmoothed values. All examinations of the 
data by the method of least squares have been based 
only on the unsmoothed values. 

When the data of the whole country had been examined 
it was found that, ignoring minor variations, quite 
possibly due to accidental variations, there were three 
distinct groups in the country, which I have denomi- 
nated Eastern Group, Pacific Cate: and Central Group. 

The Eastern Group contains 20 sections of 26 States, 
embracing all east of the Mississippi River and Louisiana 
have been included with the Central Group. The 
boundaries of such groups can not be sharp, and border 
in addition. The resemblances of Arkansas and Mis- 
souri to this group are strong enough as quite possibly 
to warrant their inclusion; or Illinois, which like them 
differs somewhat from the mean, might quite possibly 
States might be differently classified by different in- 
vestigators. 
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Fiq. 2.—Curves of figure 1 smoothed by ees each phase with the two immediately 
acent. 


Let us examine the data of the Eastern Group as 
iven in Table 4. Phase 13 is seen to have a rainfall 
ess than normal for each of the 20 sections, although 
they extend geographically from New England to 
Louisiana and from Michigan to Florida. Each of the 
20 has a percentage above normal for phases 15 and 1. 
Phases 2 and 3 are almost as unanimous. Such a dis- 
tribution certainly does not in any way follow the law 
of probabilities of distribution of accidental errors. In 

Tables 5 and 6 the data from each section have been 
divided chronologically into halves with the exception of 
the two sections Maryland-Delaware and Alabama, 
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where the whole interval of the data is not much more 
than the half of most of the other States. These two 
sections have been included in the second half of the 
data. Figure 1 shows the curves of each of these halves 
and of the whole interval as well. Figure 2 shows the 
same curves as figure 1, except that each has been 
smoothed by averaging each phase value with the two 
immediately adjacent. The a weet are entirely inde- 
endent. The only question to settle in proving the ex- 
astence of the period is whether the resemblances of the two 
halves can be accidental. In phase 13 we find for the 
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Fig. 3.—Pacific Coast os of nine States, both smoothed and unsmoothed. Chrono- 
logically, phase l=phase 7 of Eastern Group. 


first half of the data 1 above normal and 17 below 
normal; for the second half of the data, 1 above normal 
and 19 below normal. For the two maximum phases 
considered above we find 31 cases above normal and 5 
below in the first half of the data and 34 above against 
6 below for the second half of the data. Such resem- 
blances seem much too striking to be accidental. 

Since the differences of the halves are presumably purely 
accidental, we can take one-half of each of these 15 dif- 
ferences as a residual from the mean to determine the 
probable error of any point on the curve. There is no 
need of reproducing such routine calculation here. The 
result is a probable error of 2.94 per cent from the normal, 
despite the one large difference without which it would 
be less than 1 percent. Having 15 residuals from which 
to determine this probable error it seems to give a good 
measure of the reliability of the variation. The total 
difference between maximum and minimum of this 
variation is 30 per cent of normal, or more than 10 times 
the probable error. The probability of an accidental 
error half this size is about 1 in 1,700. Upon the accept- 
ance of the above rests almost the whole proof of the verity 
of this period. The remaining part is given merely as 
confirmatory and to round out a preliminary investiga- 
tion of the whole of the United States. 

The Pacific Group contains nine large States—Arizona, 
California, Oregon, Washington, Idaho, Montana, Utah, 
Nevada, and Wyoming. New Mexico resembles these 
States enough that possibly it should have been included, 
and Wyoming departs enough on the eastern boundary 
that another investigator might have included it in the 
Central Group. The area of the whole group is in the 
neighborhood of 1,000,000 square miles, about the same 
as that of the Eastern Group, although containing many 
fewer States. Each of the States was examined as in 
the case of the Eastern Group. At first there seemed to 
be a disagreement between the two sections. However, 
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when the two curves were superposed before a window 
it was found that this was merely a change in phase and 
that there was a remarkable similarity in their shapes. 
I have therefore numbered as one the phase which occurs 
simultaneously with phase 7 of the Eastern Group. 

The seasonal rainfall is due to solar causes modified by 
local conditions. In some places rain is produced during 
the cold months; in others during the hot months. In 
still others there is almost no variation from summer to 
winter. An analagous effect in any other period of solar 
origin would, therefore, not be improbable. 

Table 7 shows the results for each of these States. 
Phase 13 has values below normal for each of the nine 
States. Phases 15 and 1 have 13 values above normal to 
5 below. In phase 5 all values are above normal. In 
the Eastern Group there were 14 above and 6 below in 
this phase. Such a distribution of values over 1,300 
miles of territory is not according to the law of probabili- 
ties of accidental errors or values. 

The data of four of these States are too short to divide 
into halves. I have, therefore, not made a complete 
regional division into halves but have divided into halves 
only the five States with long enough records. Table 8 
shows these to resemble each other quite remarkably. 
Once more each value of phase 13 is below normal for 
each half of the data. Nine of the ten values of phase 
15 are above normal and only three below in each of 1 and 
2. Determining the probable error, as in the Eastern 
Group from the 15 half differences between the un- 
smoothed means of the halves, we find it to be 5.74 per 
cent. Since in this case there are one-fourth as many 
sections as in the two halves of the Eastern Group, the 

robable error should be twice the eastern value accord- 
ing to the theory of probabilities, assuming an actual 
yeriod such that dividing more and more sections into 
Lelines would show the halves approaching each other. 
It is interesting to note that half the western value is 2.87, 
almost identical with the 2.94 of the Eastern Group. All 
these results are shown graphically in figures 3, 6, and 7. 
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Fic. 4.—Superposition of unsmoothed curves of Eastern and Pacific Coast Groups. 
Chronologically, phase 1 of Pacific=phase 7 of Eastern. 


Figures 5 and 4 show the superposition of the smoothed 
and the unsmoothed curves of the Pacific Group on the 
Eastern Group. The resemblance extends even to the 
principal minor irregularities of the two curves, indicating 
the same set of harmonics for each. These two curves 
are entirely independent of each other, since storms cross 
the country in a few days, while they differ in phase by 
approximately six months. 

The Central Group contains all States which do not 
fall very clearly into the two groups examined above. 
As explained before, several of these States might easily 
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have been included in one of the other groups to which 
they are contiguous. The remaining States show some 
common indication of a group periodicity differing by 
about two phases from the Eastern Group. In Table 9 
the phase values are given for these States with the 
phases numbered as for the Eastern Group. In each of 
phases 14 and 1 there are 10 States below normal and 
only 3 above normal. Phases 2 and 3 together have 16 
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Fie. 5.—Superposition of smoothed curves of Eastern and Pacific Coast Groups. 
Chronologically, phase 1 of Pacific=phase 7 of Eastern. 


values above normal to 10 below. Through this area 
there seems to be a rapid change from fair agreement 
with the Eastern Group as with Arkansas and Missouri 
to similar agreement with the Western as in New Mexico. 

Prof. Dayton C. Miller, of Case School of Applied 
Science, has very kindly analyzed the curves of figures 1 
to 5 on his harmonic analyzer. The results are shown as 
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Fie. 6.—Unsmoothed halves of the data of five Western States. 


Table 10. All harmonics above the fifth showed, in each 
case, amplitudes which were much less than the probable 
error of the curves as determined in an earlier part of 
this discussion. This indicated them as spurious as also 
would be shown, for harmonics above the fifth or sixth 
by reason of their short period with reference to the 
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month, the unit of time for which our data are secured. 
The phase of each is given for the epoch of phase 1 of the 
various tables. The fourth harmonic has a period of 
ME four months. Obviously, amplitudes and 
phases of this harmonic, derived from data which have 
the month as unit of time, must have large percentages 
of error. All that we can possibly secure from our 
analysis regarding this harmonic, or the fifth one, is a 
hint as to the reality of its presence. We may conclude 
with fair definiteness that the second and third harmonics 
do exist, and that their amplitudes and phases are of the 
order given in the tables. tt is probable that the fourth 
harmonic exists, since its amplitudes and phases agree 
fairly well in the various curves. The fifth harmonic 
is very doubtful, so far as our evidence is concerned, its 
amplitudes for each of the Eastern and Pacific Grou 
being but little larger than the probable error. The 
reason for the disappearance of the fourth and fifth 
harmonics in the process of smoothing is, of course, 
self-evident. 

It may occur to some that possibly there is a residual 
of the seasonal effect left in this period in some manner, 
despite the elimination explained above. There are 
three answers that may be given to this objection, all of 
which are merely the same one in different form. 
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Fic. 7.—Smocthed halves of data of five Western States. 


(a) In Prof. Schuster’s discussion of the periodogram (7) 
method of searching for periods we find the following: 
“There is a limit beyond which it is useless to go. This 
limit is reached when the values of A and B for two 
closely adjoining values n, and n, are no longer inde- 
pendent of each other. The theory of vibration shows 
that independence begins when there is an ultimate 
disagreement of phase amounting to about one-quarter 
of a period.” 

(b) Prof. Turner has worked out the effects of any 
period on adjoining Br gr (8). He divides the data 
into integral parts and calls any one of these submultiples 

; pis a period near q, such that g+2=p.r<1. From the 

ourier sequence the periods g and Ab are independent. 
Let us consider the seasonal period as g and the ninth 
harmonic of the sun-spot period as p. In order that 
z may be as small as 1, we must have g=3. That x be 
less, requires g=2. But, quoting Prof. Turner, “g is a 
fairly large integer for any periodicity worth serious 
consideration.” 

(c) The work involved in computing the periods near 
12 months for each State is much greater than the value 
of the results. I have, however, taken Pennsylvania as 
typical of either the Eastern or Pacific Group and com- 
puted periods of 12, 18, 14, 15, and 16 months. 
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For 12 months, which is the seasonal period, the 
amplitude of the variation is 34 per cent; for 13 months 
it is 11 per cent; for 14 months it is 12 per cent; for 15 
months it is 10 per cent; and for 16 months 17 per cent; 
the amplitude of the ninth harmonic of the sun-spot 

riod is 26 per cent. The mean value of the ninth 

armonic during this interval of years was 15.8 months, 
showing the increase in amplitude at the nearest of the 
other periods as demanded by the theory of the periodo- 
gram (7) or by the Fourier sequence (10). 

If the conclusions of this paper are accepted (I1), 
either as proved or as pebbabls, it is but the begin- 
ning of a very long search. In this search it will be 
necessary first to examine anew all the sun-spot data by 
the method of figure 8. Having formed this period curve, 
each month’s sun-spot count as gathered by Wolf and 
Wolfer must be adjusted to throw it in its ote phase 
in the cycle. This done the mean of each phase must be 


lotted and submitted to harmonic analysis, as has been — 


one without such adjustment (9). The harmonics found 
to stand out most strongly must then be used as a basis 
for a search for other rainfall periods. Furthermore, all 
this work must be done for temperature variations as 
well, unless the first periods tried yield negative results. 
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FIG. 8.—Variation of sun-spot period. 


All this should be completed from the statistical stand- 
point before one even thinks of the physical cause. My 
estimate is that it will require work the equal of six com- 
puters full time for a year to complete the problem. The 
present state of the investigation makes it possible to 
pick out the seasons above normal and below normal 
with comparatively few failures. It will have some 
definite agricultural value in Nevada, Utah, Idaho, and 
Montana in determining what years will produce crops 
on land which can not be irrigated. Should one or more 
similar periods be found, the value of the combined result 
for such places would be very great. 

In conclusion, I wish to thank several persons for 
assistance. The Research Committee of the Graduate 
Schoo] of the University of Kansas engaged Mr. Anthony 
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Oates as a computer for the last part of the work. Mrs. 
William Thaw made it possible for me to devote my sum- 
mer vacation to research. The Chief of the U.S. Weather 
Bureau and Mr. S. D. Flora, State Meteorologist for 
Kansas, made a very large amount of data available to 
me. Prof. Marvin has suggested many changes in word- 
ing which have been incorporated to make the meaning 
clearer to the readers. Prof. Dayton C. Miller made an 
harmonic analysis of eight of the variation curves that 
would have been impossible mathematically because of 
the tremendous amount of work involved. Prof. F. E. 
Kester gave a very large amount of time to discuss each 
phase of the problem with me. Any success that the 
work may have will be due in large measure to his sug- 
gestions and criticisms. Several astronomers and meteor- 
ologists to whom the manuscript was submitted for exam- 
ination made suggestions which have been incorporated. 
To each of these I owe my sincerest thanks for without 
their aid the work would probably have failed. 


BIBLIOGRAPHY. 


(1) Douglass, A. E.: The correlation of sun spots, weather, and tree 
growth. Pub. American Astronomical Soe., 1918, Vol. IIT, 
p. 121. 


(2) Hann, J.: Sun spots and rainfall. Handbook of Climatology 
(trans. by R. DeC. Ward), Vol. I, p. 406. Briickner: Klima- 
schwankungen seit 1700 (Vienna, 1890), has shown a varying 
period of about thirty-five years in rainfall and temperature. 
Lockyer: The solar activity, 1833-1900. Proc. Roy. Soe., vol. 
68, p. 285, showed a possible correlation of this period with 
sun spots. Clough, H. W.: Synchronous variations in solar and 
terrestrial phenomena. Astrophys. Jour., vol. 22, p. 42, has 
greatly strengthened the evidence of such a relationship. They 
have also considered the variation in length of the sun-spot 
period. Clough says: “The solar-spot activity is periodically 
accelerated and retarded, and this action is primarily manifest 
in the varying length of the 11-year spot cycle, since it operates 
continuously throughout the entire interval to accelerate or 
retard the occurrence of the two phases ’’ (loc. cit. p. 59). 


(3) Turner, H. H.: A  fifteen-month period earthquakes. 
Monthly Notices, Roy. Astronomical Soc., April, 1919, p. 461. 


(4) Alter, Dinsmore: Possible connection between sun spots and 
earthquakes. Science, May 14, 1920, p. 486. 


(5) Wolfer, A.: Revision of Wolf's sun-spot relative numbers. Mo. 
Weatner Rev., April, 1902 pp. 171-176; Tables of sun-spot 
frequencies, ihid., July, 1915, p. 314; Tables of sun-spot frequency 
for the years 1902-1919, ibid., Aug., 1920, p. 459. 


(6) Turner, H. H.: On a simple method of detecting discontinuities 
in a series of recorded observations, with an application to sun 
spots, suggesting that they are caused by a meteor swarm due 
to successive encounters of the Leonids with Saturn, which has 
been more than once pertubed by the Leonid swarm. Monthly 
Notices, Roy Astronomical Soc., Dec., 1913, pp. 82-109. 


(7) Schuster: On the periodicites of sun spots. Phil. Trans. 206A 
(1906), p. 71. 


(8) Turner, H. H.: Sun-spot periodicity as Fourier series. Monthly 
Notices, Roy. Astronomical Soc. 1913, pp. 714-732, especially 


Pp. 717. 


(9) Dogobert, Dr. Elsa (Frenkel): Untersuchungen iiber Kurz- 
periodische Schwankungen der Hiufigkeit der Sonnenflecken. 
Publikationen der Sternwarte des eiggenossischen Polytechnikums, 
Band V., 1913. Thesis in which the author investigated periods 
from 150 days to 24 months by Schuster’s periodogram method. 
She secures a hint of a 14-month period, but does not carry 
it through as probable. 


| 
| 


Frsruary, 1921. MONTHLY WEATHER REVIEW. 81 
(10) Turner, H. H.: Further remarks on the expression of sun-spot TABLE 2. 
periodicity as a Fourier sequence. Monthly Notices, Roy. 
Astronomual Soc. 1913, pp. 16-26. By means given by Turner it 
is sometimes, though not always, possible to determine masked Year. | Period.| DeP@t- | year. | Period.| DeP8t | Year. | Periog.| DePar- 
iodicitie ture, ture. |, ture. 
periodicities. 
(11) Douglass, A. E.: Climatic cycles and tree-growth. Carnegie | | 
Institution of Wash., 1919. The author seems to have proved 1850 445 || 1871 —29 1892 +9 
definitely a correlation between climate and sunspots. Nothing 51; 176 +41 72 135 0} 93 145 +10 
on this subject that has yet come to my attention begins to com- +3 
pare 1n Importance with this work. 54 | 125 —10 15 180 +45 %6 148 3 
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TABLE 1.—Wolf’s & Wolfer’s table of sunspot maxima and minima. 58 | 125 
{Copied from MONTHLY WEATHER REVIEW, August, 1920.} +8 +3 | +8 
Minima Maxima +38 | +11 
Epochs. ~; Periods. | Epochs. A Periods. 63 143 + 8) 84 102 —33 05 144 +9 
1610.8 | 1615. 5 67 | 93 ~—42 88 108 —2 09 137 +2 
1619.0 | 1 8.2 1626. 0 5 10.5 68 | 93 —42 | 89 128 —7|i 10 136 - i 
1634.0 | 2 | 160 | 16905 2) 185 oO; «| mr 
5 4 9.5 | —39 | 
1636.0 | 2 11.0 | 1675.0 15.0 
1679. 5 2 13.5 | 1685. 0 2 10.0 
1608. 0 &5 1705.5 28 TaBLE 3.—Data repeated or averaged in keeping rainfall periodicity in- 
1712.0 3 14.0 1718.2 6 12.7 step with sunspots. 
1723.5 2 11.5 | 1727.5 4 9.3 
1755. 2 9 10.2 | 1761.5 7 | 12 Repeated. Skipped or averaged. Repeated. ae 
1766. 5 5 11.3 | 1769.7 1. 
4. . 1788. 4 9.7 1871, April. | 1872, April. 1884, Sept. 1893, April. 
| 5 17.1 | 1873, Sept. 1885, April, Oct. 1894, May. 
pod 2 > | as 8 11.2 1874, April, Oct. 1886, April, Sept. 1895, May. 
rooapd 4 S penn 10 13.5 | 1875, March, June, Nov. 1887, Jan., May, Sept. | 1896, April. 
| 10 7.3 1876, Feb., May, Aug., Nov. | 1888, Jan., May, Sept. | 1897, March. 
3. 1848, 10 10.9 1877, Jan., April, July, Sept., | 1889, Feb., Aug. 1898, Jan., Dec. 
0. 10 10.5 | 3 
1878. 9 10 11.7 1883.9 10 13.3 | | 1902) 
1889. 6 10 10.7 | 1894.1 10 10.2 | | 1879, March, July, Nov. 1903, Sept. 
1901.7 10 12.1 | 1906.4 10 12.3 | 1880, April, Oct. 1909, July 
1913.61 10 11.7 | 1917.6 10 1.2 | 1881, July.’ 1913, Jan. 
| 


1 Table 3 has used 1913.4, the date published in the MONTHLY WEATHER REVIEW, 
July, 1915, 43:314. A change to the new date would slightly better the results of Tables 
5and6and 8. Since, however, the disagreement is a minor one, the tables and figures 


will not be changed on account of this later value. 


TaBLe 4.—Rainfall data of Eastern Group of States, by phases. 


| 
Phase numbers. | Total 
| ber of | F h and 
| | | ber irst month an 
| | cycles year of data.) 
1 4 5 6 10 ll 12 13 4 | | in 
| | data. 
New England......... | 109 106 | 112 103 101 95 108 80 | 108 98 86 96 78 104, 114 20 | January, 1888 
106 114 | 115 95 88 102! 101 82; 106 86 87 105 86 104, 118 18 | January, 1890 
Pennsylvania.......... lll | 110 103 101 96 107 105 84 | 91 90 98 99 83 103 | 114 20 | January, 1888 
RL. eee | 110 105 | 118 101 93 109 102 81 103 99 96 98 80 105 103 23 | January, 1885. 
Maryland-Delaware....! 127 88 | 119 98 108 | 90 103 93 | 92 102 100 82 85 100 lll 11 | January, 1899 
VR eve. ce wd oshenet | 114 109; 121 92 105 | 106 105 92 | 100 89 104 79 78 95 102 17 | July, 1291 
West Virginia.......... 112 105 106 93 101 | 115 | 119 96 | 94 89 104 82 76 97; 109 17 | January, 1891 
North Carolina. ....... | 108 106 | 119 93 108 | 110 | 103 $4 103 95 96 86 74 99 | 115 21 | January, 1887 
South Carolina......... 108 114 115 93 109 | 109, 101 87 97 91 100 90 78 101 | 114 21 | January, 1887. 
110 115 113 92 109 98 | 97 89 99 89 100 87 86 9} 116 17 | October, 1891. 
oe ee ee 102 120 | 117 99 111 | 100 83 82 99 104 93 82 96 9 {| 119 17 | September, 1891. 
112 107 | 130 104 112 | 9 103 96 90 95 67 81 102; 108 13 | January, 1896 
108; 118 112 112 | 104 | 89 92 102 100 81 78 88 112 20 | January, 1888. 
Oe EE eee 102 108 | 104 112 110 | 104 | 103 92 95 112 106 75 80 89 113 17 | January, 1891. 
ee Se eee 110 102; 102 106 108 | 110 | 98 102 90 97 107 80 79 99 108 24 | March, 1883. 
ee 122 110, 103 98 ll | 118 | 102 96 88 92 101 81 77 86 112 19 | January, 1889. 
Ohio 110 108 95 107 98 | 114 121 91 | 89 94 96 93 76 | 92 116 | 24 | January, 1883 
Michigan j 101 113 106 89 85 107 | 105 94; 109 90 St 101 99 | 98 120 | 20 | January, 1888. 
SINR 60653 opnmes oat 123 108 101 95 103 | 120 | 116 99 | 87 84 99 91 82 83 111 | 21 January, 1887 
96 92 99 110) 110 102 96 97 101 93 90 89 105 | 28 | January, 1878 
| 20 19 18 8 14 | 15 | 16 1 6 4 6 2 0 7 BO 
<p dis 0 1 2 12 4 17 “4 16 10 18 20 12 
lil 108 lll 99 103 | 106 | 104 91 97 94 98 88 82 96 112 | 
| 
Smoothed............. 110 110 106 104 103 | 104 100 97 | 194 96 93 89 89 97 nd eee 


1 Last year for all data, 1913. 
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Sections. 1;213 | 4 

New England...... 115) 117) 99 107 
109] 125} 110) 88) 
Pennsylvania. - - . . 105) 116) 101 
New Jersey......... 110) 118, 110, 
Marvland-Delaware).... 
Virginia............ 99) 120) 115 
West Virginia...... 101, 98) 106 
North Carolina.....| 98> 108) 108 
South Carolina... .. 98} 115) 110) 
Georgia............-| 101) 115) 118) 
Florida............-| 101} 138) 117; 
Mississipri......... 114) 96 117 
Louisiana.......... 90) 111) 111 
Tennessee.......... 107) 86| 93 
Kentucky.......... 113) 82) 93 


Michigan 


102) 102 104 108 
| 


2 a3 | t 
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TaBLe 5.—First half of data of Eastern Group, by phases. 
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TABLE 6.—Second Half of rainfall data of Eastern Group by phases. 


| 

Sections. 2 | 3 | 4 
| 
New England...... 103 95) 127) 
NOW 103 102) 121 
Pennsylvania. ..... 105} 106; 
New Jersey......... 90) 126, 
Maryland-Del.. .... 88) 119 
127) 
West Virginia. ..... 110) 105) 
N. Carolina......... 103} 132) 
S. Carolina........- 110) 120, 
116) 108, 
100) 118 
Alabama........... 130) 
Mississippi. ........ 119) 110, 
Louisiana.......... 116 105; 96) 
Tennessee.......... 119) 113) 
Kentucky.......... 140) 114 
112) 100) 
Michigan........... 122} 120) 
125| 119) 
110 
Above normal..... . 15) 18) 
Below normal...... 

109) 116, 105 

Smoothed.......... 114 = 108, 


TABLE 7.—Rainfall data of Pacific Group of States by phases. 


| 


Indiana. ... | 
-| | $88 
Above normal...... | 44) 13) 
Below normal...... 4) 5 
| 
Smoothed.......... | 110) 106 
Sections. 1 
| 
140 | 
Washington........... 92 | 
| 131 
123 
Above normal......... 6 
Below normal......... 3 
lil 


| 
| 


Notre.—Phase 1 of the Pacific Group occurs simultaneously with phase 7 of the Eastern. 
1 Last year for all data 1913. 
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TABLE 8.—Halves of rainfall data for Oregon, Washington, Utah, Nevada, and Wyoming, by phases. 


FIRST HALF. 


Section. 3 | 4] 
| 128 
Washington. ....... | 102) 118 
129, 116 
Wyoming.......... | 105 101, 103) 
Smoothed.......... | 105 108 100 105 
| 
| 
Section. 1 
108 
92 
96 
North Dakota......... 99 
South Dakota... .... a 108 
97 
86 
96 
lll 
New Mexico..........- 
89 


[Not enough data to divide from other four States of this group.| 


SECOND HALF. 


record. 


105 11 
112 102 
i 


9.—Rainfall data of Central Group, by phases, numbered the same as Eastern Group. 


12 


94 99 
92 94 
99 90 
119 88 
114 84 
107 88 
93 104 
101 101 | 
105 92 | 
108 102 | 
125 122 
116 108 
110 98 | 


95 100 104 46, 92) 80 111 
82 108 106 =i 90, 89 100 
103 111 109 93 93 114 

100, 108 93, 87, 100 109 
Total 
number 
of First year and 
cycles | month of data.! 
| in 
record, 


| Total 

First month and 
in year of data.! 


13 | 1897 January. 
13 | 1897 January. 
19 | 1889 March. 
18 | 1890 January. 
18 | 1890 January. 
16 | 1893 May. 

14 | 1895 January. 
17 | 1892 January. 
17 | 1892 January. 


10) 11 12/13) 14 15 


86 120 124 95 95 90 129 
$4 110 114 100, 94 120 127 
88 118 98 54 93 88 102 


17 | 1891, January. 
20 | 1888, January. 
18 | 1890, January. 
17 | 1891, January. 
17 | 1891, January. 
17 | 1891, November. 
18 | 1890, January. 
29 | 1876, January. 
21 | 1887, January. 
16 | 1893, January. 
17 | 1891, January. 
17 | 1892, January. 
20 | 1888, January. 


1 Last year for all data, 1913. 


| 
197 108 100) 82 109} 96, &8 102 71) 92 109 95 Sl 117, 79 108, 99} 84) 89 85 118 121 
85| 105| 110} 86) 105) 93) 83) 106 82) 94 121 92 100 92) 79 108) 92) 105 91) 115 116 
— 99) 125) 104) 77, 103] 98 84 109 72) 102 110 95 89 106 89 80 $3114) 92 94 104 119 
96) 129 $5 97 91) 94) 101 77) 96 88 109 110 107 133 95, 83 114 
{ 102) 125) 113, 83) 105] 83, 98) 85 67) 95) 107 108! 83 97) 101 94) 96, 111] 72, 88 96 96 
95 114/128) 94 94] 98 97, 96 72, 102 116 110 112 105, 92) 113| 87 80 90 99 
114 103 81| 100] 87 95! 95 70) 105 120 102 88 103; 86, 106 104 95, 77 77 112 
119| 120) 97} 89° 86) 85) 99) 191 71) 105 117 99 95 104 83 107 98 100, 77 84 96 108 q 
118) 101, 84 100) 82) 194) 93 92 131 104 95 82 100 
109 104, 72 98] 96) 95 72 83) 128 5 95 107 
112, 95 103 94 % 90 95) 67 81 102 108 
115, 121| 109 94) 100, 99) 78) 88) 129 110 87 108 91) 91 103 100) 74 76 88 102 
§ 113 111! 94 97 97| 100 112, 79 96) 88) 110 106 96 115 87) 93 123 100| 72 63 88 117 
104 93 92) 105| 115) 89 91) 118 112 96 96 112) 88 90 99) 73 77 99 99 
107, 123) 111) 98 102! 110, 94) 88! 124 116 111 93 95) 73° 73 108) 83 69 84 98 
90) 114) 141! 87 103, 93! 76) 117 108 114 97 96 79 84 100) 97 75 90 114 
73, LIS! 112) 105 107} 87 107; 98) 124 98 95 97 82 100 93 86! 99 91 99 117 
78| 90) 130! 107 93! 96) 97! 90) 90) 91) 120 117,113 99} 94 80! 71) 102! 94 74! 73 101 
103, 118) 107, 93) 105) 101! 93) 90) 107 94 102 9 89 94 96 87 103 
3) 18) 4 ai a} a) al az 133 5 13 6 6 1 45 
7; 10! 12) 14) 12) 17) 14/1 8 4 8 18 14 14 9 19 19 13 5 
92, 102| 118) 105) 91 95) 93 94) 116 104 96 102 91) 95 94 99 85 83 96 108 
| | | | | | 
| 105) 95) 96) 90 97| 105 102 101 9%6 w 93 96 93) 89 88 96 107 
| 
| | 
87 102, 112) 109 ul | 129 %| 72 | 88 
141 105 91 109 93 80 8 87 boa 
! 96 102 92 t 2 2 5 
109) 109,82 116 110 106 | 95 | 989 118 | 
92 87 | 83 119 105 | 115) 98 | 98 95 
99 101; 94 115 99} 103 87 |} 81 112 
100 104 107; 109) 103 | 83 98 104 
‘| 1| 7 0 2 3 | 7 8 
107, 104 | 112 102 o4 104 | WO 
107 | 102) 108 105 | 102 96 | 96 | 92 | | 105 |........| 
18 93 S296 115 94 69 85 93 Oregon............. 87] 113 3) 92 95, 106 
109 104 84 82 112 113 74 90) 94 98 Washington........ 78) 80 114 84 98 116, 98 94) 
100, 115 84 100 78 91 104) 79 131 120 143) 94 108, 93) 125, 98) 89 91! 
113 70 89 109 93 69 99 79 102 145 Nevada............ 148) 166 114) 86 122, 72 80 
114 101 82 116) 88% 92) 120 87, 106 104 Wyoming.......... 101) 106 91 119 104 105-82 
111, 97, 84 93| $4105 114 119 89) 
| | | 
97 94 97) 95; 101 108 Smoothed.......... 108 98) 101, 92 94 
| | | 
3 4 5 6 | 7 | 8 9 10 = 3 15 
| | | 
| 
| : 
102} 101) 94 90 116 85 91 3 | 112 | 
101 10L| 101 113 101 108 100 9 x9 g2 103 
95 97 102 100 109 113 97 104 104 x0 87 
. 103 100 x9 112 106 97 101 gs 103 96 74 
- 98 97 | 99 114 109 115 105 91 113 91 74 
— 102 104 106 90 102 7 1 104 108 94 64 
103 102, 103 116 110 109 97 99 99 84 70 
104 110) 109 108 gs 109 95 109 92 85 102 
112 100-100 110 92 123 102 104 89 95 o4 
1 93 xg 96 101 82 106 105 113 82 103 132 
9| 97 92} g7| 82] 12 
90 9 | 107 118 80 95 95 99 94 109 103 
—— 107 87; 9 105 106 82 106 96 95 108 114 
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TaBLE 10.—Harmonic analysis of rainfall curves; unsmoothed 
amplitudes. 


PER CENT OF NORMAL FROM MINIMUM TO MAXIMUM. 


Harmonics. 
First. |Second.| Third. |Fourth.| Fifth. 
Eastern Group, whole data.................. 17.2 & 8 10.0 | 5.2 4,2 
First half data, Eastern Group.......... 13.6 9.6 13.6 | 6.2 10.0 
Second half data, Eastern Group........ 21.0; 11.0 6.8 | 6.7 0.6 
Palle 14.0 4.7 | 13.0/ 4.3 3.2 
UNSMOOTHED PHASES AT EPOCH OF PHASE 1 OF CURVES. 
Eastern Group, whole data.................. 39° s3° | 114°; 261° 234° 
First half data, Kastern Group.......... 27 us | 105 | 273 236 
Second half data, Eastern Group........ 47 | 57 | 127 | . 219 323 
27 78 | 138 | 303 303 
| 


Fastern Group, whole data.................. | 


16.1 | 6.8 5.6 1.6 0,2 
First half data, Eastern Group.......... 1.6 0.4 
Second half data, Eastern Group........ | 198 | 8.4 3.6 1.5 | 0.0 
| 122); 40 7.0 1.3) 0.0 
SMOOTHED PHASES AT EPOCH OF PHASE 1 OF CURVES. 
Eastern Group, whole data................-. | 38° 85° 113° 238° 102° 
First half data, Eastern Group.......... 26 18 | 105 278 302 
Second half data, Eastern Group........ 48 57 128 222 207 
| 
DISCUSSION. 


By C. F. Marvin. 


If we understand Mr. Alter’s claims correctly, he em- 
braces the idea advocated by Mr. Clough, namely, that 
the duration of the sun-spot period is variable; that is, it 
is systematically lengthened and shortened. With this 
principle as a basis in conjunction with Wolfer’s values of 
the epochs of sun-spot maxima and minima and by 
means of a ag <y integration represented by his dia- 
gram, figure 8, Mr. Alter arrives at the highly variable 
values of the length from year to year of the sun-spot 
period beginning about 1847. One-ninth of this period, 
stated in months, then, becomes the variable length of 
the alleged cycle in rainfall. By methods, details of 
which are made clear, the rainfall data of the Weather 
Bureau for practically the entire United States are 
analyzed, eid Mr. Alter seems convinced that he has hit 
upon a very important period or cycle, both in sun-spot 
numbers and also in rainfall sequences in the United 
States. Acceptance of Mr. Alter’s conclusions at once 
commits one to his claim that he has established as 
more or less probable that sun spottedness or some re- 
lated solar activity is at least one factor in the control of 
United States rainfall. 

In order that the reader may be spared any uncertainty 
of mind, the writer may say frankly, at the outset of this 
discussion, that he is convinced that little if any thing at 
all as to a cycle in rainfall or a connection between rain- 
fall and sun-spots is proved by the investigation. 

The discussion may proceed under the following topics: 

(1) The proposition is irrational. 

(2) The quantitative basis of figure 8 (variable length 
of sun-spot period) is hypothetical and inadequate. 

(3) The method of layout of data and computation of 
results introduces glaring sources of error and uncer- 
tainty. 
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(4) Least square methods, in so far as they are brought 
to bear on the problem, have a limited significance. 

(5) The rainfall data are seemingly heterogeneous. 

Only a very brief discussion of these topics is now 
possible. 

(1) The proposition is irrational.—A great deal is 
already known with reference to the definite physical 
causes of rainfall, its distribution both as to continental 
area and as to topography, also as to time and the march 
of seasons. We may fairly say that practically every 
feature of the occurrence of precipitation, especiall 
within the United States, is intimately associated wit 
the general circulation of the atmosphere and the se- 
quences of cyclones and anticyclones. How can we be 
convinced that the features which appear in Mr. Alter’s 
results are not very largely or entirely caused by the 
uneliminated features of rainfall dependent upon the 
general circulation of the air ? 

The simple method of tabulation of highly composite 
data in colnet employed by Mr. Alter can not be ad- 
mitted to exclude and otherwise wholly eliminate ex- 
traneous influences, except, possibly, when the number 
of observations is very great, and even then it must be 
demonstrated a systematic residual from one cause or 
another is not included. 

There can not be anything unique or magical in a 
changeable period of time, which shall constantly be 
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one-ninth of a hypothetically changing sun-spot period. 
Other integral fractional parts corresponding to the re- 
maining 8 digits, as also many other multiples and sub- 
multiples, have an equal claim on our imaginations and 
on the probabilities and possibilities of the situation. 
If the reality of any one of these is admitted, on what 
besis can the others be rejected, and what is the con- 
sequence of the acceptance of all? This line of thought 
leads exactly to the same consequences as when we 
recognize that any succession of variable values can be 
represented more or less exactly by a Fourier series. It 
may be demonstrated that the original data are the 
summation of the several component elements into 
which they may be analyzed, but this is of no signifi- 
cance whatever as indicating the real physical existence 
of any or all of the components. 

Of course, science is either inductive or deductive. 
While the absence of an entirely rational cause or ex- 
planation of certain assumed or suspected relations does 
not justify rejection of the hypothesis, nevertheless, on 
the other hand, purely inductive results, or fragments of 
results, without a basis of rationality, must necessarily 
be viewed with skepticism, or their physical reality 
must be demonstrated by incontrovertible proofs. 

(2) Quantitative basis of figure 8 is inadequate.—Prob- 
ably every student of sun-spot data has recognized the 
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variable length of the period. Newcomb especially has 
discussed the point, and concluded from his analysis of 
the data that the variations in length of period are acci- 
dental. While I believe this conclusion is too extreme, 
I feel that we are compelled to say now that the numer- 
ical data extracted by Mr. Alter from figure 8, and which 
is basic and fundamental to the whole of his statistical 
demonstration, are probably very inaccurate, even if 
the length of the sun-spot period can be so defined as to 
admit of a concept of the kind depicted graphically in 
figure 8. This whole question of the variable length of 
period and the one to be discussed next is so basic to 
the whole investigation that the conclusions reached 
seem to be very seriously invalidated. 

The tabulation of data in rows and columns in a 


“manner designed to bring into the same columns data of 


the same “suspected” phase relations is the conven- 
tional method of seeking hidden periodicities, and ex- 
actly the same method has been used by meteorologists 
almost for centuries for fixing the values of normals and 
long-time averages of every element of data. The 
reality of any specific result can often be finally decided 
only upon the convincing testimony of a long record. 

(3) Sources of error wntroduced by layout.—Attempts 
to apply the summation method to complex data-on 
the supposition that the length of a suspected cycle is 
variable introduces glaring modifying errors whenever 
the changing lengths are expressed in fractional parts of the 
phase unit (a month in Mr. Alter’s case). Rainfall data 
especially should not be treated in monthly amounts in 
this manner. In such cases resort must be had to actual 
data of daily rainfall, or possibly of weekly, or better, 
pentad totals. This at least is desirable even in long 
records, and practically necessary in short records, be- 
cause the procedure dealing with fractional months is 
valid only for an indefinitely long record. 

Mr. Alter’s Table 3 giving the dates for skipping and 
repeating monthly values in order that his phase units 
may not get more than half a month out of step with the 
observed monthly rainfall is a wholly unacceptable scheme 
for accounting for the changing length of cycle his 
hypothesis contemplates. A single example will illus- 


_ trate this. 


Table of precipitation fabricated (included by repetitions) and discarded (by 
skipping) to keep in step, Washington, D. C. 


Skipped or averaged. 


Repeated. 
| 
Year. Month. ;Amount. Year. Month. Amount. 
Inches. | Inches 
-14| 1874 | Apr., Oct.............. 5.94 
1885 | Apr., Oct. ............ 10.40 | 1875 Mch., Jun., Nov....... 7.91 
1886 | Apr., Sept............. 4.50 | 1876 Feb., May, Aug., Nov.... 13. 52 
1887 | Jan., May, Sept....... 8.01 1877 Jan., Apr., Jul., Sept., 

1888 Jan., May, Sept....... 14.58 | 22. 67 
1889 | Feb., Aug............. 5,54 1878 | Mch., Jun., Aug., Nov . 22. 56 
1879 | Mch., July, Nov....... 6. 20 
Total. . 33.68 | 1880 | Apr., Oct...... 6.12 
1. 67 
| Total. - 91.84 
4.03 
3.09 
2. 66 
| 1.68 
by. 
| 33. 28 

| 
Grand total...... 125, 12 
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Thus, if we apply Alter’s method to the Washington 
data, for example, we are required to discard or brush 
aside during the nine years between April, 1872, and July, 
1881,a total of 91.84 inches of rainfall just as if it had never 
fallen or been recorded. Of this amount 45.23 inches are 
rejected in a short interval of 27 months. Stated in other 
words, the same result would have been secured if, in the 
records for the nine years mentioned, the rainfall were 
missing for the 26 particular months skipped, or were 
missing for no less than eight months out of the 27 months 
from September, 1877, to November, inclusive, 1879. 
The table speaks for itself. It is true Mr. Alter has 
averaged rather than skipped months where adjustments 
are necessary. This only modifies but does not remed 
the difficulty, and few meteorologists will be satisfied wit 
an investigation in which a feature of this kind is inherent. 

As stated, only daily, possibly weekly, tabulations of 
rainfall may be safely used for the formation of sequences 
the lengths of which are fractional months. Of course, 
if a real cycle exists, monthly data may be tabulated in 
sequences of an integral number of months greater or less 
than the actual length of the cycle. Then by noting, if 
possible, the precession of phases by methods fully ex- 

lained in the textbooks a more exact estimate of the 
ar of the cycle is secured. 

(4) Least square methods have a limited significance.— 
It is just as important to recognize and guard against the 
limitations of the laws of probabilities, in dealing with 
weather phenomena, as it is to appreciate the great value 
of least square methods and apply them properly in all 
such investigations. We can touch upon the question 


here -_ as it relates to precipitation and the matters in 


hand. Everyone knows that the laws of probability 
apply to values and events which exhibit the Gaussian 
distribution, also that a large number of cases are neces- 
sary to define a distribution. It is pretty well known, 
but too often disregarded, that rainfall, especially, and 
long records of many other meteorological elements 
depart bia’ widely from the Gaussian distribution. 
Consequently the formulae and equations of least 
squares may seriously fail to express the actual proba- 
bilities in matters of precipitation. Figure 1 shows the 
histogram of monthly precipitation for 103 years for the 
vicinity of Boston, Mass., also the Gaussian curve of 
best fit. The skew distribution shown in the figure is 
well known to be an inherent characteristic of rainfall 
data. Of course, the feature is entirely independent 
of the order or succession in which the amounts of pre- 
cipitation may occur. The same collection of numbers 
may be mixed up in a bowl and drawn out at random any 
number of times, but the frequency distribution will re- 
main entirely unaffected. Argument is not needed to 
show that least square methods and the ordinary proba- 
bilities can not 7 applied to rainfall data with any 
convincing results, especially to cases involving only a 
small number of events. In the case of Boston, the 
probability theory calls for 47 months with imaginary 
or impossible amounts of rainfall less than nothing. 
A like number of months should have rainfall greater 
than about 6.3 inches. In fact, there are 69 such months. 
Finally, the actual number of months with rain between 
0.90 and 3.50 is about 650. The least square theory 
calls for only 507. This is not the fault of the theory; 
it is simply misapplication. 

(5) Rainfall ine heterogeneous.—Mr. Alter has dis- 
cussed by his method the data from practically every 
State in the Union. A few of the records are fairly 
long, but most of them are short and with differing initial 
dates. Some may suppose that this mere bulk of statis- 
tics gives weight to his argument. The writer believes 
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the very slight conformity of the testimony of widely 
separated sections contribute little or nothing to a dem- 
onstration which can be established or disproved 
probably only by a rigorous discussion of homogeneous 
material from a limited number of long records. Great 
importance attaches to the testimony of long records. 
Numerous stations or wide extent of territory can not 
make up for brevity in length of record. It is well 
known that warm and cold winters, for example, wet 
and dry seasons, in fact, all striking features of weather 
sequences, are not confined to single States but in general 
embrace very extended areas. The maps published by 
the Bureau for many years showing Separated from 
normal often show in a striking way the widespread extent 
of marked anomalies in weather conditions. The pres- 
ence of these anomalies give position and amplitude to 
the features in Mr. Alter’s curves. 

The concurrence of similar features in short records 
from numerous stations, or contiguous States even, are 
simply expressions of the similarity of weather conditions 
over the region in question. Even the semblance of 
similarity which Mr. Alter seems to believe marks the 
records for all the States of the United States has ver 
little significance if based on relatively short records 
as is the actual case. We know from the control of the 
laws of chance that such similarities are inevitable, and 
nothing but the persistence of features in very long 
records suffices to establish the realty of alleged cycles 
which are so obscure and uncertain as the one which 
Mr. Alter claims is a possible case. 
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The occurrence of anomalies can be explained without 
resort to cosmical or extra-terrestrial causes. A very 
slight study of such questions long ago convinced the 
specialists of the Bureau that the cause of the major 
as also of many of the minor anomalies in question is 
practically always associated with varying features of 
the general circumpolar circulation of the atmosphere. 
It is true the full explanation of these seemingly funda- 
mental connections can not be stated, and records 
suitable for critical investigation thereof are short and 
incomplete. In any case, it is irrational to claim or inti- 
mate that there is any significant relation between rainfall 
and sun-spots unless it is clearly demonstrated that the 
variations in the general circulation of the atmosphere 
which are known to modify greatly and to determine 
sequences of rainfall are themselves proven to be con- 
trolled by sun-spot conditions or intimately correlated 
thereto. 

For these reasons little is added to a demonstration 
like Prof. Alter’s by the great bulk of data discussed ex- 
cept possibly to fix somewhat more definitely very un- 
certain magnitudes inherent to short records. Only fea- 
tures which persistently stand out in very long records, even 
if such apply to only a limited area, are likely to be real. 

The writer expects to present in a subsequent paper a 
number of fundamental propositions supported by graphic 
and mathematical criteria which may be a ge to 
segregate abstractly in a convincing way cycles or se- 

uences which are real from those which are specious or 
the result of fortuitous combinations. 


METEOROLOGICAL COURSE GIVEN IN THE SIGNAL CORPS SCHOOL AT CAMP ALFRED VAIL, N. J., DURING 1920. 


, By Homer W. Batt, Meteorologist. 


[Weather Bureau, Royal Center, Ind., Feb. 10. 1921.] 


{Norr.—During the war, the first attempt at giving meteorological 
instruction consisted in training a few soldiers at the regular stations 
of the Weather Bureau. In the spring of 1918, the Signal Corps School 
of Meteorology was organized at the Texas Agricultural and Mechanical 
College, College Station, Tex. About half of these men and those 
who were first trained at the Weather Bureau stations were sent over- 
seas; others were sent to camps in the United States where meteorologi- 
cal stations were established.' After the war, when the meteorological 
personnel of the war time had been largely discharged, to continue the 
meteorological work, it was necessary to instruct those men who were 
then enlisting in the Army. The present Signal Corps School was 
established at Camp Alfred Vail, N. p , about January 1, 1920, with the 
meteorological instruction in charge of Mr. Homer W. Ball, the author 
of this article. Mr. Ball continued in charge of this work until Janu- 
ary 1, 1921, when it was taken over by Capt. A. H. Thiessen, formerly 
of the Weather Bureau. The saioal is continuing its work and at 
present has about 40 students.—Eprror. | 


SYNOPSIS. 


The Army, recognizing the necessity of having men training in meteor- 
ological work, to pupeeviae and carry on such work in the military 
service, has established a course in meteorology in the Signal Co 
School at Camp Alfred Vail, N. J. As this is the only school in the 
United States giving a vocational course in meteorology, the results 
included in a considerable period of time may be watched with great 
interest. To date a large majority of the men who took this course 
in the school are doing excellent work on the Signal Corps stations. 


The school maintained by the Signal Corps at Camp 
Alfred Vail, N. J., is for the theoretical and practical 
=a of officers and enlisted men in the branches of 
work that pertain to that division of the military service. 
The theoretical work given to the enlisted men is neces- 
sarily elementary because of the short length of time 


1 Regarding the Signal Corps School of Pgs A at College Station see Mo 
WEATHER ReEvV., December, 1918, pp. 560-562; also ibid., April, 1919, pp. 215-222° 
Regar ding the instruction in ‘metecrdlogy in France, see ibid., 9, pp. 870- 
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allowed the student to finish his course and also the 
previous school training of a very large percentage of the 
men is not sufficient for them to do advanced studying. 
Considerable stress is laid upon the practical require- 
ments so that the men taking the courses will be able to 
do the work assigned them along the lines in which they 
have had instruction. The instructional work is under 
the supervision of men who have had long experience in 
the duties covered by the subjects that they teach and 
the courses of study are arranged so that the conditions 
under which the student receives training will be as 
nearly as possible like those he will experience when on 
field duty or those under which he will have to work in 
civil life if he still wishes to follow the lines of instruction 
received in the school. Many men enlist in the Signal 
Corps to take advantage of the opportunities fared be 
the school and after their term of enlistment is ended 
they can then return to civil life and put to use the things 
they have learned while in the Army. 

Ong of the departments established in the school at its 
beginning is meteorology. During the late war it was 
at once recognized that a large number of the activities 
of modern warfare depends upon atmospheric conditions 
on the surface of the earth and also at a considerable 
altitude above it. The Army having a large number of 
trained meterorologists has a great advantage over the 
one that does not have them. When the United States 
entered the conflict men trained in meteorological work 
and available for the Army were rather scarce and it was 
necessary to take a number of experts from the Weather 
Bureau to form a nucleus for a meteorological service in 
the Signal Corps. A large number of men were trained 
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and did excellent work, but at the close of the war they 
were almost all discharged and returned to their respect- 
ive duties in civil life. Hence, in order to continue the 
meteorological work in the Army, it is imperative that 
men be trained now to meet the requirements of the 
military service. 

The first class in meteorology at Camp Vail began its 
work January 5, 1920, with about one dozen enlisted men 
enrolled for the course. The educational qualifications of 
some of these men, and also of many of the others that 
entered the school later, were rather limited and, they 
having had no previous training in meteorological work, 
had very little conception of what was expected of them. 
It was therefore necessary to start at the beginning of the 
subjects and teach them the elementary principles of the 
work that they would be required to do. Considerable 
care was taken and a great amount of time was spent 
with each class to make each member realize that he 
must be conscientious and accurate in his work as the 
value of his efforts depends upon the getting of correct 
results. Each man is to a great extent on his own initia- 
tive when performing the actual duties of the stations 
instead of acting under the direct orders of a superior, 
as is usually the case in military work. After the students 
had completed the course or had become proficient in the 
work, they were sent to the meteorological stations of the 
Signal Corps located at the various Army posts in the 
United States. At those places the men were able to 
enter into the activities of their work at once because of 
the training they had received at the school. Some of 
the stations are at artillery proving grounds, where the 
men of the meteorolo iodk etachment are required to 
furnish ballistic wind data, wind direction, and velocity 
at various altitudes in addition to the reports of surface 
conditions several times daily. Data at other stations at 
aviation fields are obtained for the use of the aviator so 
that he may know what the atmospheric conditions are 
at the heights where he may wish to fly. Theupperairdata 
are obtained by means of pilot balloons observed through 
a theodolite on which the altitude and azimuth angles of 
the balloon’s position each minute are read, with the zero 
of the azimuth scale on north. The height of the balloon, 
its angular direction from north, and the velocity of the 
wind that is carrying it along are computed from trigono- 
metric relations or on a specially arranged plotting 
board. Records of surface conditions, similar to those 
kept by the Weather Bureau, are made at the various 
Signal Corps stations. Copies of the pilot balloon runs 
are furnished to the Weather Bureau to be used, together 
with its own aerological records, in connection with the 
forecast work or for any investigational purposes that 
may be desired by the scientists of that service. 

uring the first part of the year the length of the course 
in meteorology was six months and later was reduced to 
five months. Holidays and vacation periods usuall 
subtracted two or three weeks from the allotted time. It 
was found that the work as outlined could be finished in 
five months if all the time each day during the school 
hours be taken up by recitations. Under those condi- 
tions the men were compelled to prepare their lesson 
when off duty, and the class record of each student was 
a good indication of the amount of time spent in this way. 

e school day was divided into five equal recitation 
periods. Beginning at 8 a. m. the surface observations 
were taken, reduced, and entered in the appropriate 
forms. This work occupied the first half of the first 
hour and the remainder of the period was given to the 
study of a meteorological textbook. The plan of the 
book was followed closely, with such modifications as 
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were necessary to adapt it to the needs of the class, in 
order that the subject might be completed in the time 
allowed for the term. Brief statements as to the recent 
progress in meteorology were made occasionally by the 
instructor, and current literature on meteorology was 
made available to the students who wished to take 
advantage of the opportunity to do reading outside of 
the classroom. The weather map was of especial interest, 
and the relations of the weather conditions shown on the 
map to the daily forecast were watched very closely. 
The other periods were devoted in turn to x eae 
physics, elementary algebra, plane trigonometry, and 
pilot balloon work. Written examinations covering the 
week’s work were required of the students Saturday 
forenoons. Elementary physics was considered prin- 
cipally to give the student a basis upon which to study 
meteorology. The algebra was given as a review to the 
students studying physics and plane rn The 
latter subject was considered with its special applications 
to pilot balloon work. Men having only a common- 
school education were given a review in arithmetic and 
also a short course in beginner’s algebra. 

The textbook work required of the advanced students 
was of the same grade as that of a high school. The 
methods of taking surface observations, reducing the 
data, making pilot balloon runs, and the necessary com- 
— were similar to those employed by the Weather 

ureau at present. A great amount of time was devoted 
to observational duties, teaching the students the princi- 
ples of the work as they would be required to do it on the 
stations. Some of the men enrolled in the meteorological 
course were not able to carry all the work as outlined, due 
to the lack of previous school training. All the men, 
however, were required to do the same amount of prac- 
tical and meteorological text work. In class the usual 
schoolroom methods were used. Each student had a 
textbook and was required to recite from a definite por- 
tion of the text, or from papers previously prepared by 
the instructor. Diplomas were given to the men who 
had taken the entire course and obtained a grade of 
75 per cent or above. To those who failed to earn a 
passing mark in some of the subjects, certificates were 
given showing the actual amount of work done and the 
grade received in each subject. During the year 43 
students took the course in meteorology; 17 of them were 
a diplomas and the remainder certificates. The need 
or trained men in the field was so great that some of the 
advanced students who so desired were sent to the sta- 
tions to fill vacancies before they had completed their 
courses. 

It was found that the men entered the school for one 
of three reasons. They were interested in the work and 
wanted to take advantage of the opportunities offered in 
the school, or they took the course out of curiosity as to 
what it was like, or they wished to become students to 
escape the duties given men who were not in the school. 
The men of the first class and also those of the second 
class, after they became interested, usually made good 
students. Those who entered the school for the first 
reason often had had their interest aroused by talking 
with the men already in the class or by watching them 
while they were doing their observational work out of 
doors. The pilot balloon work was of especial interest 
and was also rather mysterious to those who did not 
understand its significance. The actual performance of 
the work almost always increased the student’s desire to 
continue and become proficient enough to do station 
duties. However, there were some that failed and most 
of the failures were, of course, among those of the third 
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class. They found that their company duties were easy 4” 6m an 
compared to the efforts they would have to exert to _MID._NOON __NOON 
obtain a — — in their school work. A number 

of these men had had very litttle, if any, high-school work | , a 
selves mentally. Men who ess than eighth-grade ea ae hisig 

school work were not accepted as students, as the in- 
structors did not have time to teach them the subjects 7 

that were necessary before they could enter the regular \\ 

class in the meteorological course. Those who were high- 7% ‘ 59 
school graduates or had had high-school training were \ 

preferred, although it was found that a few of the men \ 


with more limited school training made some of the best 
students. A few having some college training were en- 
rolled in the class and they were often used as assistants 
to aid some of the other men who were slow in under- 
standing the work. . 0 92 
Meteorology Js @ comparatively new subject as far as Fia. 1.—Temperatures of air and water observed by the Rotti when passing from the 
its broad applications to the Army are concerned, and warm waters of the Gulfstream (dotted=air temperature; solid~water temperature. 
this is perhaps the main reason that there was very 
little interest manifested in the meteorological course in 
the school at the beginning, except among the officers 
who are engaged in that branch of the work or among the 
few who understood the applications of meteorology to 
military duties. During the latter part of the year moze 
interest was noticeable, due, no doubt, to the campaign 
of education carried on throughout the Army and also 
to the increasing number of men who had taken the 
course in the school and had been sent to the Signal Corps 
stations where they had interested others in meteorology. 
Several officers at the camp, after seeing what was be 
done and having the work explained to them, expresse 
a desire to enter the meteorological section as soon as an 
officer’s course could be started. It is the aim of the 
Signal Corps to get as large a number in the school taking 
meteorology as the accommodations will permit in order 
that the graduates may man the new stations to be estab- 
lished and fill vacancies on those already in operation. 
Also arrangements are being made to start an officer’s 
training course in the school as an extension of the work 
will require men of supervisory ability, and these men 
will be able to carry on the meteorological wo 
Army, which then will not have to rely on other branches 
of the Government for properly trained men in times of 
emergency. 
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SURFACE-AIR AND WATER TEMPERATURES AT WESTERN 
BANK OF GULF STREAM. 


OF "ROTTI" 


An example of the influence of ocean surface water 
temperature on that of the overlying air stratum is 
afforded by a series of air and water temperatures read- 
ings submitted to the Weather Bureau by Mr. H. T. 
Lag formerly meteorological observer on the Dutch 

Lotte. 

During a voyage of the Rotti from Colon to New York 03 : 1 
in March, 1919, Mr. Broere made a series of hourly read- 1 \ aii; ron 
ings of the air and water temperatures while the vessel 8 we me 
was traveling in the Antilles branch of the equatorial 
current and the Gulf stream, and after passing from the 
latter into the cold waters of the Labrador current north- 
east of Cape Hatteras, the observations covering a period 
of some 80 hours. 

The temperatures observed while the vessel was in the 
warm waters of the Gulf stream and when passing the ad 


“cold wall” are shown in figure 1, in which have been 
IG. 2.— track 0! e Rottt an pressure an emperature con 
plotted the readings, both air and water, at intervals of United Gates Camade 66. (75th March 7, 1919. 
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four hours. In figure 2 are shown the track of the Rotti 
and the general pressure and temperature distribution 
for the eastern United States and Canada at 8 a. m. (75th 
meridian time) on March 7. 

The striking similarity in the rate of change of the 
temperature of the air with that of the water was occa- 
sioned, doubtless, from the circumstance of a wind blow- 
ing nearly parallel to the course of the Gulf stream, 
although in the opposite direction. 

According to the Daily Journal of the Rotti the day of 
March 7 opened with overcast skies. At 5 a.m. the wind 
suddenly shifted from SSW., 4, to NNW., 3, gradually 
becoming NE., 4. 

At the Weather Bureau station at Hatteras the wind 
was NE. from midnight of the 6th to 3 a. m. of the 7th, 
N. from 4 to 11 a. m., NE. from 11 a. m. to noon, N. from 
noon to 7 p. m., NE. from that hour to midnight. The 
average hourly velocity was 16 miles. At the Cape Henry 
station the prevailing wind direction for the 7th was NE.; 
average hourly velocity, 11 miles. 

The effect of the wind blowing so nearly parallel to the 
course of the ocean currents was to permit the surface 
air to take on the temperature of the water, thus forming 
a cold-air wall quite as distinct as the cold-water wall 
beneath.—F. G. Tingley. 


OCEAN RAINFALL. 


By H. G. Corntuwalre. 
[Rockville, Ind.] 


It is the writer’s belief that the average rainfall over 
ocean areas is often overestimated, especially in the 
Tropics, where cyclonic storms seldom occur and where 
most of the rainfall is of convectional origin. Convec- 
tional air circulation in the Tropics is much more pro- 
nounced over land areas than over the oceans, and the 
average rainfall over and adjacent to land areas is 
correspondingly heavier than the rainfall farther out at 
sea. 

Actual records of ocean rainfall are difficult to obtain. 
Records from moving vessels would be of questionable 
accuracy and doubtful value. The usual method is to 
estimate the ocean rainfall from adjacent coast and island 
records. In following this method due allowance should 
be made for the heavier rainfall over land areas due to 
(1) increased convectional air circulation and (2) the 
upward deflection of the winds in passing over the land. 

Personal observations covering a number of voyages 
to and from the Tropics seem to confirm the belief that 
both cloudiness and rainfall are very much lighter over 
tropical ocean areas than over the surrounding land. 
No matter how fair the weather at sea, one seldom sails 
through the Windward Passage without noting the high- 
beaned, dense-based cumulus or cumulo-nimbus clouds 
surmounting Cuba, Haiti, and other large islands of the 
West Indies. Frequently the larger islands can be 
a by the overhanging clouds long before land is in 
sight. 

"Vikecinittant, squally showers are frequently encoun- 
tered in the Caribbean Sea, but there are few torrential 
downpours such as occur over the surrounding tropical 
lands. Even with the passage of a West Indian hurri- 
cane the heaviest rainfall may be expected on the wind- 
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ward slope of the higher land areas in the path of the 
storm. 


WATERSPOUT AT SAN JUAN, P. R. 


W. C. Harves, Observer. 
[Weather Bureau, San Juan, P. R., Feb. 26, 1921.] 


A waterspout was observed at San Juan, P. R., on the 
evening of January 29, 1921. Although this waterspout 
was not so striking in appearance as some, the conditions 
under which it developed and the manner in which it 
disappeared were nevertheless interesting. It occurred 
in connection with a moderate squall which had formed 
north of the station and was moving rapidly toward the 
southeast. When first seen by the writer, at about 6:15 
p. m., the waterspout was northeast of the station at a 
distance estimated to be from 3 to 5 miles, and was 
moving rapidly southeastward toward the shore line. 
The funnel-shaped cloud appeared to be suspended 
nearly vertically from a dark mass of storm cloud, and 
it extended approximately halfway down to the surface 
of the water. The spout gradually shortened and became 
less dense along its vertical axis as the shore was 
apprcerhed. By the time it had moved inland (about 
10 minutes after it was first observed) the spout had 
shortened to perhaps half its original length, and had 
“thinned out”’ vertically to such a degree that its outer 
edges appeared as two separate spouts. By 6:30 p. m. 
all evidences of the waterspout had entirely disappeared. 

The waterspout probably never reached that stage of 
development where the funnel-shaped cloud extended to 
the surface of the water, as Mr. Parker, observer at this 
station, saw what he supposed to be the first evidences of 
the formation of the spout only a few minutes before it 
was first observed by the writer. As described by him, 
it appeared as a slight projection on the base of the 
storm cloud. No indications of a disturbance in the 
water below the spout could be detected at any time 
during its existence, nor could a spiral motion a dis- 
cerned within or about the funnel-shaped cloud. 

The pilot balloon observation on the morning of the 
29th showed favorable conditions for fhe formation of 
squalls. The winds were southerly up to about 1,250 
meters, where they shifted abruptly from SSE. to WNW. 
and continued westerly or northwesterly to an elevation 
of approximately 10,500 meters, the elevation at which 
the balloon disappeared. On the average, in this latitude 
(18° 29’ N.) westerly winds are not encountered below 
the 6,000-meter level. The barometric pressure in- 
creased from 29.98 inches at 9 a. m. of the 29th to 30.08 
inches at 9 a. m. of the 30th. The surface winds were 
light during the day, shifting from southwest to north- 
west at 11:15 a. m. and continuing from the northwest or 
north until9 p.m. The highest velocity recorded during 
the prevalence of the nnd” gous 19 miles from the north- 
west at 6:12 p.m. The noon observation showed inter- 
mediate clouds from the northwest and lower clouds from 
the southeast. A trace of rain occurred between 5:10 
p. m. and 6:05 p. m. 

This is the third waterspout that has been observed at 
this station within a period of less than 18 months. The 
other two occurred in connection with thunderstorms. 
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THE WEATHER IN FINLAND IN 1920—A WARM YEAR. 
By Lesue A. Davis, U.S. Consul. 
{Helsingfors, Finland, Feb. 7, 1921.] 


TEMPERATURE. 


The weather in Finland in 1920 was considerably 
warmer than the normal. The following table shows 
the average temperature! at Helsingfors during the 
periods 1901-1910, 1911-1920, and 1831-1920: 


1901- 1911- 1831- 

1910 1920 1920 

°C. $d: °C. 
— 42) — 6.3 — 6.2 
tae — 49) — 58 — 6.5 
8.3 8&4 7.8 
cc — 42) —3.2 — 3.9 


| 
| 


It will be noticed that during the last 10 years the 
winter, especially in January, which has been normal, 
has been colder than during the preceding 10 years, 
while in November and December it has been warmer. 
The spring and summer, however, during the last 10 
years have been comparatively warm, especially in April 
and July, the month of July having been the warmest on 
record during this period. 

The variation of the temperature from the normal in 
1920 and in each of the four preceding years is shown in 
the following table, which has been made by taking the 
average temperature in 10 different parts of the country 
during the years mentioned: 


1915 1917 1918 1919 | 1920 

2 | -3 —5 2 —2 


Thus the average for 1920 was 2° C. warmer than the 
normal and was the warmest on record. 


RAINFALL. 


The following table shows in the same way the vari- 
ation of the rainfall during the last five years, expressed 


1 All temperatures given are Centigrade. 
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in percentage, 100 per cent being used to represent the 


1916 1917 1918 1919 1920 

Per cent.| Per cent.| Per cent.| Per cent.| Fer cent. 

80 4n 70 60 10€ 
. 90 180 180 110 70 
des 120 150 100 110 30 


Thus the year 1920 had 86 per cent of the normal rain- 
fall. The latter part of the year has never been known 
to be as dry before, and there is likewise no record of 
there having been 50 per cent more rain in the spring than 
in the fall. It is usually the opposite, there being about 
60 per cent more rain in the fall than in the spring. It is 
said that the continual high atmospheric pressure during 
the last year, especially the latter half of the year, was 
the cause of the dry weather. 

With regard to the changes in the rainfall during the 
last 10 years we find analogies in the temperature, the 
colder winters, and the warmer summers portending 
drier weather. 


MILD WINTER OF 1920-21 IN NORTHERN EUROPE. 
(Translated from La Nature (Supplement), Paris, Mar. 26, 1921, p. 98.) 


It is not only in the region of France that the winter of 
1920-21 has been remarkably mild. In northern Europe 
there has been an equal freedom from cold weather. At 
Christiania, according to a communication addressed to 
the press by the Meteorological Institute of Norway, the 
temperature during January, 1921, exceeded the normal 
by 2.7° C. (+4.9° F.) daily, while snow was rare. 

On the other hand, the rainfall was very abundant— 
one result of the mild temperatures during the period 
under discussion; in amount it exceeded twice the 
normal—59 mm. instead of 26 mm. 

Elsewhere, at the beginning of January, says the Norges 
Handels-og Sjéf artstidende of Christiania, the ports on the 
Gulf of Bothnia, ordinarily closed by heavy ice floes at 
that season, remained almost entirely open to navigation. 
The harbor of rains fx in the alf of Finland, was 
likewise equally free of ice. 

Lastly, a radiogram from Spitzbergen, under date of 
February 23, 1921, announces that the poser art of the 
fjords on the west coast of that polar land, namely, 

sfjord, Bell Sound, and Kings Bay, were clear of ice on 
that date. This situation, though somewhat modified 
since then, still continues above normal. By the 5th of 
March Isfjord was still clear of ice over most of its area, as 
was the sea generally in Kings Bay. However, one 
striking result of this condition was to cause an ice inva- 
sion of the harbors in Kings Bay and Bell Sound.—H. L. 
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NOTES, ABSTRACTS AND REVIEWS. 


INTERNATIONAL WEATHER TELEGRAPHY. 


[Excerpts from Nature, London, Dec. 9 enn 1,4 484, and comments by U. S. Weather 

The International Commission for Weather Telegraphy, 
appointed at the general Meteorological Conference at 

aris in October, 1919, met at the Air Ministry during the 
week November 22-27. Maj. Gen. Sir F. H. Sykes, con- 
troller general of civil aviation [who welcomed the dele- 
gates], emphasized the special need for international 
agreement in meteorology because nations were more 
interdependent in respect of that science than of any other. 

During the meeting the commission came to an agree- 
ment upon the codes for the transmission of surface 
observations and upper-air observations in land messages 
and for a new figure code for the transmission of reports 
from ships at sea. 

It also agreed upon a time-table for the issue by radio- 
telegraphy of data messages for the preparation of synop- 
tic charts and upon the distribution of stations in Europe 
for the issue from the Eiffel Tower of collective data 
messages for the whole European réseau. 

The principal changes in the new code are: 

(a) The number of figures for reporting barometric 
tendency is reduced from two to one, and the unit for 
barometric tendency is standardized as the half-millibar 
per three hours, or, for countries using the millimeter 
scale, the half-millimeter per three hours. 

(b) A two-figure code for reporting the weather takes 
the place of the old single-figure code, and permits the 
amount and character of the precipitation to be reported. 

(c) Provision is made for reporting visibility up to 30 
kilometers, according to a graduated scale. 

(d) One figure is allotted to reports of humidity which 
will be given to the nearest 10 per cent. 

* * * 


(e) One figure group is allotted to reports of the form, 
amount, an height above ground of the clouds. It may 
be noted that the height of the clouds above ground and 
the visibility are at present the two elements of the great- 
est importance to aviation. 

(f) Provision is made for reporting twice a day the hour 
of commencement of rainfall. 

* * * * 


(g) A special group of five figures is allotted to a 


selection of stations in each country for the purpose 


of reporting as exactly as possible the direction and 
eaeiare speed obtained by nephoscopic observations of 
clouds. 

(h) Three special groups are allotted to selected sta- 
tions in each country for reporting the direction and 
speed of the upper wind as determined by observations 
with pilot balloons, shell bursts, kite balloons, and other 
methods. 

(i) Ten groups as a maximum have been allotted to 
one, two, or three stations in each country where facilities 
are available for obtaining the temperature and humidity 
of the upper air to great altitudes by means of aeroplanes 
or kite 

In connection with the observations of the upper air, 
the commission was interested to learn from Prof. de 
Quervain of the proposal to establish a station in Switzer- 
land at an altitude of 3,500 meters, from which baro- 
metric observations would be of the highest value in the 
construction of charts for that level. 


The code adopted for the reports by wireless telegraphy 
from ships at sea provides for the same information as 
that which is given in the messages on land with the 
omission of barometric tendency, relative humidity, and 
the height of clouds. 


The commission learned with much interest that 
meteorological observations were being made this winter 
on behalf of the Norwegian institute in the island of Jan 
Mayen, which is situated about 600 miles northeast of 
Iceland; and that there was a prospect in the not distant 
future of obtaining meteorological observations from 
Greenland by radiotelegraphy. 


ATTITUDE OF U. 8S. WEATHER BUREAU.' 


While the unifying of the European code is highly de- 
sirable, the matter is not one in which the U.S. Weather 
Bureau is especially interested. A uniform code is now 
in use for the international exchange of observations on 
the North American Continent, i. e., the Weather Bureau 
code is used in the exchanges between this country, 
Canada, and Mexico. This code has certain advantages 
that make it desirable to retain it for American use. It 
employs words instead of figures. As each word generally 
represents two or more numbers, and as, in this country, 
the telegraph eg pp count every figure in a group as 
a separate word, the word code entails much less expense 
for telegraph tolls than would a numerical code. Another 
advantage of a word code, which is commended to the 
attention of the European meteorological services, is that 
minor errors in the transmission of words, such as the 
transposition of letters, are usually of no consequence, as 
anybody familiar with the code readily detects the error 
and can supply the correct word, whereas errors in the 
transmission of figures can not generally be detected or 
corrected. 

* * * With respect to the interchange of observa- 
tions between Europe and America, an extremely simple 
code suffices for this purpose, since only a few meteoro- 
logical elements need to be senorted. The Weather 
Bureau could readily use for such interchange the appro- 
priate part of any European code that may be eventually 
adopted. 

Marine observers on trans-Atlantic steamers can readily 
use two codes; one for transmission to America when they 
are in the western part of the ocean, and the other for 
transmission to Europe, when they are in the eastern 
part.—H. L. 


THE ST. LOUIS OBSERVATORY, JERSEY. 
{Reprinted from the Meteorological Magazine, London, February, 1921, p. 20.] 


The retirement of the Rev. M. Dechevrens, S. J., of 
St. Louis Observatory, Jersey, and the cessation of me- 
teorological work there, is announced. M. Dechevrens, 
who had been in charge of the observatory maintained 
by the Society of Jesus at Zi-ka-wei for many years, 
organized the St. Louis Observatory for the society in 
1894. The equipment included many instruments of 
his own devising. 


1 Partly abstracted from C. F. Marvin's letter, published in the Report of the Proceed- 
ings oi the Third Meeting of the Commission for Weather Tolegraphy, Metl. OW. Cire. 
242, London, 1921, appendix xi, pp. 90-91. 


— 


Fesrvary, 1921. 


M. Dechevrens has carried out suggestive researches 
in terrestrial magnetism and atmospheric electricity, 
and has written much‘on these subjects, on in 
the China Seas, on the hydrodynamic theory of cyclones, 
and on the zodiacal light. 


UNIFICATION OF THE FRENCH METEOROLOGICAL 
SERVICES. 


{Reprinted from the Medeorological Magazine, London, February, 1921, p. 18.] 


In the September issue of the Meteorological Magazine 
we were able to announce that the consolidation of the 
Meteorological Service of this country had been com- 

leted by the incorporation of the Admiralty Meteoro- 
ogical Service in the Meteorological Office.t It is now 
officially announced that the three meteorological organi- 
zations in France are being amalgamated in like fashion. 
By a decree dated November 25, 1920, a National Meteor- 
ological Service, attached to the Ministry of Public 
Works (Under Secretariat for Aeronautics and Aerial 
Transport), is created by the unification of — 

(a) The Central Meteorological Office (hitherto under 
the Ministry of Public Instruction) ; 

(b) The Central Meteorological Service of the Ministry 
of War; and 

(c) The Meteorological Service of the Service de la 
Navigation Aerienne. 

The National Meteorological Office will deal with all 
meteorological questions, and will comprise a scientific 
section and a technical section as well as other sections 
in touch with the special requirements of the Ministries 
concerned. An “Advisory Committee, including repre- 
sentatives from the Academy of Science and from various 
Ministries, is being constituted. Col. Delcambre is ap- 
pointed Director of the National Meteorological Service 
as from January 1, 1921. 


THE SCOTTISH METEOROLOGICAL SOCIETY. 
{Reprinted from the Meteorological Magazine London, February, 1921, pp. 3-5.] 


At meetings held in Edinburgh on December 17, 1920, 
and in London on January 19, 1921, appropriate action 
was taken to bring about the incorporation of the Scot- 
tish Meteorological Society with the Royal Meteoro- 
logical Society. The Scottish Meteorological Society 
after a career of 65 years thus ceases to exist as a separate 
entity. 

As may be learned from a panet by Mr. A. Watt in the 
journal (Vol. XV, No. 28), the foundation of the society 
in 1855 was due mainly to the exertions of Sir John 
Stuart Forbes, of Pitsligo and Fettercairn, Bart., and 
Mr. David Milne Home, of Wedderburn and Milne 
Graden. The period was one of special significance. 
The British (now the Royal) Meteorological Society had 
been founded five years before as a successor to the Mete- 
orological Society of London (1823-1840). The meteoro- 
logical department of the board of trade—the fore- 
runner of the present meteorological office—was in 
process of organization. The work of Dove on the dis- 
tribution of temperature over the globe had stimulated 
interest in the science, while Leverrier had just organized 
a daily weather report in France. As regards Scotland 
itself, the considerable amount of observational work 


1 See Mo. WEATHER REy., Nov., 1920, p. 659. 
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which had been done by enthusiastic amateurs required 
coordination. 

The society had its birth at a meeting held on July il 
1855, in the rooms of the Highland and Agricultural 
Society of Scotland, presided over by the eighth Marquis 
of Tweeddale. The uke of Argyll, ¥. R. S., was elected 
present and an influential provisional council was 

ormed. * * * 

The activities of the society have been numerous. For 
some years after its foundation Dr. Stark was secretary, 
and he virtually created a network of about 50 observing 
stations. An ozone committee was extremely active for 
a long period. In 1883 the society erected an observa- 
tory on the summit of Ben Nevis for the study of moun- 
tain conditions, and in 1890 opened a sea-level station at 
Fort William to work in conjunction with it. The 
observatories remained in operation till 1904, and their 
supervision absorbed much of the energies of the society, 
but in that year financial difficulties led to their closing. 
A most valuable series of observations, extending over 
20 years, had, however, been obtained, and their discus- 
sion by Buchan, Omond, and other authors in the 
Transactions of the Royal Society of Edinburgh is of 
permanent value. 

Konig sree its existence the society has regularly 
ublished its journal, in which the observations of 
cottish observatories and lighthouses have been coor- 

dinated and many important papers on Scottish and 
general meteorological subjects have appeared. 

No review, however brief, of the work of the society 
could be written without mention of the work of Dr. 
Alexander Buchan, who was appointed secretary in 
December, 1860. He had previously been a school- 
master at Dunblane and had made his mark as a botanist. 
Dr. Buchan became one of the most eminent of meteor- 
ologists; his work on “The Mean Pressure of the Atmos- 
phere and the Prevailing Winds of the Globe”’ has been 
described by Prof. Hann as epoch making and as con- 
stituting a mgt ys point for the newer meteorology. 
On the return of the Challenger expedition the meteoro- 
logical data were placed in Dr. Buchan’s hands for dis- 
cussion. In 1889 he published an elaborate report on 
Atmospheric Circulation,” based on these observations 
and on meteorological statistics from all parts of the 
world. In addition to other works, a large number of 
papers were published by him in the journal, and with 
the cooperation of Dr. A. J. Herbertson he prepared the 
Atlas o Metaoreneny, which was published by the enter- 
prise of Dr. J. G. Bartholomew. Dr. Buchan retained 
the until his death in 1907, when he was 
succeeded by Mr. Andrew Watt, who had been his per- 
sonal assistant for seven years and who has ably carried 
on the traditions of the society. 

* * * * * 


In recent years the association between the Society 
and the Meteorological Office has been very close, and 
the Edinburgh branch office was located in the society’s 
rooms until a few months ago, when the office took over 
the responsibility for all the statistical work which had 
been organized by the society. Fortunately, Mr. Watt, 
with his 20 years’ experience of Scottish meteorology, 
has been able to accept an appointment on the staff of 
the Edinburgh office. 

The concentration of effort which will result from the 
incorporation of the Scottish in the Royal Meteorological 
Society should be of benefit to the study of meteorology 
throughout the Empire. 
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“R. L. AS METEOROLOGIST. 


The Boston Evening Transcript of March 16, 1921, 
contains an editorial on Robert Louis Stevenson which 
is of interest to every meteorologist. This editorial, in 
part, follows: 

The ing of the Scottish Meteorological Society, which has been 
merged in the Royal Meteorological Society of England, calls attention 
to the little known activities of ““R. L. 8.” ‘R. L. 8.,’’ who was 
destined to be known to the world because of his works of fiction, his 
essays, and his letters, included among his earlier attempts at writing 
at least two articles upon that subject of perennial interest, the weather. 
- It was a logical activity. His father, his uncles, and his grandfather 
followed a profession in which they were called upon to make exhaus- 
tive study of the force of wind and wave and the means of overcoming 
the terror of the darkness of the fog at sea. Alan Stevenson, the 

ndfather, designed many lighthouses on the Scottish coast, includ- 
ing the structure which rose on Bell Rock. Thomas Stevenson, the 
father, in his turn took up the work, and was one of the engineers to 
the commissioners of northern lighthouses from 1855 until his death 
30 years later. At the same time he developed a keen interest in 
meteorology. He was one of the organizers of the Scottish society, 
and he invented a screen for thermometers by means of which tem- 
perature records were kept with greater accuracy. 

The boy, Robert, accompanied his father on many trips of inspec- 
tion along the Scottish coast. It was natural in undertaking some of 
his early writings he should return to the subjects with which these 
boyish experiences had familiarized him. Readers of stories of his life 
will recall that in 1871, when he was but 21 years old, he received a 
silver medal from the Edinburgh Society of Arts for a paper suggesting 
improvements in lighthouse apparatus. It is not so well known that 
soon after he was participating in the proceedings of the Scottish 
Meteorological Society, and was the author of a paper on ‘‘ Local con- 
ditions influencing climate.’’ It was followed by an article con- 
tributed to the publications of the Royal Society of Edinburgh under 
the title, ‘‘The Thermal Influence of Forests.””’ Only an abstract of 
the first paper appears to have been printed. The second was pub- 
lished in full. 


The memory of Stevenson is revered by Californians, 
as he once lived in a house which fronted on Portsmouth 
Square, San Francisco. In the center of this square 
stands what is perhaps the only monument erected to 
Stevenson in the United States. This monument is 
appropriately crowned with a bronze Spanish galleon 
with full-blown sails—a fitting reminder of one who 
attained distinction both in meteorology and in litera- 
ture. The memorial suggests one of his most famous 


lines, “‘Home is the wanderer, home from the sea.’’— 
A. H. Palmer. 


NEW RAINFALL NORMALS ADOPTED BY THE BRITISH 
METEOROLOGICAL OFFICE. 


[Abstract from the Meteorological Magazine, London, February, 1921, pp. 10-11.] 


Since 1910, the rainfall normals used by the Meteoro- 
logical Magazine, including its predecessor, Symons’s 
Meteorological Magazine, have been those based on the 
35-year period 1875-1909. In the Book of Normals of 
Meteorological Elements, which is in course of publica- 
tion, the normals used are those based on the new 35-year 
period 1881-1915. Beginning with the February, 1921, 
issue of the Meteorological Magazine, these new normals 
are employed. 

The chief advantage claimed for the new normals lies 
in the fact that the number of complete records is con- 
siderably greater than for the old. The choice of stations 
for the tables is thus widened and a more satisfactory 
representation of the country as a whole secured. In 
order to compare the two sets of normals, 118 stations 
with unbroken records in both series were plotted so as 
to ogy the new normals in percentages of the old. 
A table is provided showing these percentages month by 
month for each of the rr Sewrenget land, Wales, Scot- 


land and Ireland—and for the British Isles as a whole. 


Fesrvary, 1921 


An examination of this table shows extremes in the 
British Isles from 90 per cent in, September to 108 per 
cent in December. The general values for the whole 
year for the British Isles are practically identical for the 
two periods of 35-year normals.—H. L. 


ASCENSION ISLAND. 


[Reprinted from the Meteorological Magazine, London, February, 1921, pp. 19-20.] 


Arrangements are now being completed for the estab- 
lishment of a fully equipped second order station at 
Ascension Island, in the Atlantic Ocean, latitude 7° 55’ S., 
longitude 14° 25’ W. Incomplete observations have 
been taken since April, 1917, at two stations in the island, 
Garrison and Mountain, but, unfortunately, with the 
exception of the barometer, the instruments hitherto in 
use have not been tested, and many require large cor- 
rections. 

Thanks to the interest of Maj. C. H. Malden, R. M. L.L., 
who is in charge of the wireless station, a full set of instru- 
ments has been sent out, and full reports based on observa- 
tions taken three times daily should soon be available. 

Meteorological records from Ascension have hitherto 
been of the scantiest, covering only those taken at the 
Garrison station by the captain of the H. M. S. Tortoise, 
1853 to 1861, full observations for two years 1863 to 1865 
by Lieut. Rokeby, and less complete observations from 
October, 1906, to the end of 1907. 

A permanent observatory there is greatly to be desired. 


METEOROLOGY IN AUSTRALIA. 


[Reprinted from the Meteorological Magazine, London, February, 1921, p. 19.] 


An interesting account of the Australian Meteorological 
Service is given in an article on “Floods and Gales in 
Australia,” which appeared in the Australian Sunday 
Times of October 24, 1920. The writer of the article 
draws attention to the practical value of the warnings 
issued by the bureau in preventing damage to shipping 
and destruction of stock. An industry for which warn- 
ings are of prime importance is fruit drying, for un- 
heralded rain would cause enormous losses. 

In times of heavy rainfall the bureau is able to give 
special advices of rises and rates of flow of flood crests. 
A recent warning, seven days in advance, of an impend- 
ing arrival of a big flood crest at Brewarrina, New South 
Wales, was fulfilled to within a few hours. Before the 
oncoming inundation had reached this area countless 
sheep, horses, and movable effects were taken to higher 
land and thousands of pounds worth of stock and prop- 
erty saved. On this occasion the old hands who pre- 
dicted that there would be no flood were entirely mis- 
taken in their sanguine view. 

The article is illustrated by some interesting flood 
photographs, including one of a piano resting 30 feet 
above the normal level of the neighboring creek in the 
branches of a tree. A picture of a sheet of galvanized 
iron which had been hurled by wind at a post and folded 
into the semblance of a lady’s fan may also be men- 
tioned. 

The range of climate in Australia being so wide, expert 
advice is of great value in the selection of districts for 
the establishment of manufactures which depend on 
suitable atmospheric conditions, and the importance of 
this side of the work of the bureau is duly emphasized. 


Fesrvary, 1921. 


RELATION OF THE SOIL COLLOIDS TO THE CONDUC-. 
TIVITY OF THE SOIL. 


By T. B. Franxun. 
[Abstract reprinted from Nature, Mar. 10, 1921, p. 62.] 


Soil conductivity can be measured qualitatively by 
the value R,/R, where R, and R, are the temperature 
ranges at the 4-inch depth and at the surface. The 
effects of weather changes—rain, snow, frost, surface 
mulch, evaporation, water content, and period—on 
R,/R, have been discussed in a previous paper, and if 
these changes are all eliminated a constant value for the 
ratio should be obtained in any soil. Experiments 
with sand and clay loam showed that this constant value 
was obtained in sand, but not in clay loam; in the latter 
soil it varies with changes of the mean soil temperature. 
Thus when all other weather changes had been eliminated, 
but the mean soil temperature varied between 10° C. 
and 22° C., R,/R, for sand lay between 0.50 and 0.52, 
while for clay loam it lay between 0.37 and 0.45. More- 
over, ignited clay loam behaved exactly like sand, show- 
ing that the cause of the variation was destroyed by 
ignition. It is suggested that the colloidal clay is the 
cause of this temperature coefficient of conductivity in 
clay soil. 


SUNLIGHT ENGINEERING. 


The following is a brief abstract of a paper written by 
Mr. H. L. Seymour, entitled “Sunlight Engineering; Its 
Relation to Housing and Town Planning” and pub- 
lished in the “Jqurnal of the Royal Astronomical Society 
of Canada,” May, 1920: 

Just as the astronomer feels certain that there are 
many bodies which he has not yet seen, so is it with the 
bacteriologist in his work. Every contagious and in- 
fectious disease is carried, as a rule, by a specific bac- 
terium or similar organism. Now, the oxidizing action 
of direct sunlight and its accompanying drying prop- 
erties are the greatest natural agencies in destroying 
disease or pathogenic bacteria. This is the strongest 
scientific argument that can be advanced, as far as hous- 
ing is concerned, for direct sunlight. In a cubic meter 
of air taken from over the ocean there was found only 
one bacterium. In the same amount of air taken from a 
Paris hospital there were 79,000 bacteria. In the open 
air of the country there are fewer bacteria than in city 
air, which, as a rule, is shut off from direct sunlight. 

Skylight comes from all directions of the heavens; 
sunlight from only one direction, constantly varying 
with the revolution of the sphere. 

Second only to air is light and sunshine essential for 
growth and health. Sunshine is one of nature’s most 
powerful assistants in enabling the body to throw off 
those conditions which we call disease. Not only day- 
light but direct sunlight is required; indeed, fresh air 
must be sun-warmed, sun-penetrated air. The sunshine 
of even a December day has been recently shown to kill 
the spores of the anthrax bacillus. This is no mean per- 
formance when one considers that bacterial spores or 
“seeds” are protected with a hard casing which renders 
them much more difficult to destroy than the parent 
bacteria. The following figures give the duration of life 
of the tubercle bacillus under various conditions: 

In dark places. 2 to 18 months. 


Under diffuse daylight. ....................-. 6 to 24 hours. 
In direct 10 minutes to 1 hour. 
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Besides being nature’s great preventive from the 
spread of disease, the exhilarating effects of sunshine are 
recognized by everyone, and its beneficent effect upon 
public health and sanitation is well known. 

In winter the intensity as well as the duration of sun- 
light is less than that of summer. City planning, as far 
as sunlight is concerned, is therefore the problem which 
most concerns the four months, October 21 to February 
21, in the Northern Hemisphere. If ear sunlight can 
be provided during these four months the problems are 
with few exceptions solved. 

Concerning the orientation of detached buildings: 

(1) Isolated detached buildings should be constructed 
with their walls not square with the cardinal points of 
the compass, but at an angle therewith, preferably 45°. 

(2) Detached buildings as usually ouped in rural and 
residential districts should be oriented as in (1) the streets 
on which they face running NE._SW. and SE._NW. 

Concerning attached buildings: 

(1) Long, narrow blocks with high buildings should 
have their lengths on streets running N.-S., as this 
condition is suited to intensive city development. 

(2) Square blocks, with low, attached buildings, 
should usually be oriented so that streets make an 
angle of 45° with the cardinal points. 

3) Houses fronting on E. and W. streets should, if 
possible, be detached. 

Heights of buildings should have some relation to the 
er between buildings and width of streets—<A. H. 
Palmer. 


DISCUSSION. 


In connection with the above, attention is invited to a 
paper by the undersigned on “Variations in the total 
and luminous solar radiation with geographical position 
in the United States,” in the Montaty Weatuer Re- 
view, November, 1919, 47:769-793, and especially to 
pages 790-791. 

In a table is given the possible duration of sunshine, at 
different Settles and different seasons of the year, for 
vertical surfaces (1) square with the cardinal points of 
the compass and (2) at an angle of 45° therewith, and 
diagrams show the illumination intensity thereon in 
foot-candles. The advantage of orienting detached 
buildings and laying out city streets in accordance with 
(2) is pointed out. Within the limits of the United 
States each side of a building, and all streets, oriented in 
this way, may receive direct solar radiation for at least 
a short time on every day of the year; and in summer 
both the duration and the resem a the four sides 
of a building are fairly equable.—H. H. Kimball. 


ON THE RELATION BETWEEN THE NIGHTLY OUTGOING 
omen AND THE AMOUNT AND KIND OF 
L 


REVIEW, 


The author calls attention to the paucity of data bear- 
ing upon the above relations and to their importance in 
obtaining a clear conception of the heat economy of the 
earth and of the balance between incoming and outgoing 
radiation. In the absence of a detailed treatment of the 


1 Askléf, Sten. Uber den Zusemmenheng zwichen der niichtlichen Wiirmeausstrah- 
lung, der Bewélkung und der Wolkenart. Geografiska Annaler 1920, H. 3. 
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subject the results of measurements made by the author 
during the months March—June, 1918, at the Meteoro- 
logical Institute in Upsala, Sweden, are presented. The 
measurements were made with an Angstrém pyrgeometer 
installed on the roof of the instrument house of the insti- 


tute, and care was taken to keep the metal strips of the, 


instrument oriented parallel to the direction of the wind. 

Angstrém ? had already given the following equation 
for the relation between the cloudiness m and the effec- 
tive outgoing radiation 


Rm = (1—km)R, 


in which R, is the actual outward radiation with a cloud- 
less sky. Angstrém found from measurements made in 
California and Algeria that the value of 2, may be com- 
puted from the equation 


Ry = 5931(4 + B . 10-7”) 


in which Tis the absolute temperature and p is the vapor 
pressure. He also found the following values for the 
constants of the equation: 

A=+0.439; B= —0.159; y=0.069; but Askléf found 
for A and B the values +-0.126 and + 0.179, respectively. 

In estimating the cloudiness, m, account must be taken 
of the thickness of the cloud layer as well as of the kind 
of clouds. This is done in Sweden and in some other 
European countries in connection with the regular cloud 
observations. 

For the value of k Angstrém gave 0.09, but Asklof 
found, for lower clouds only, that 0.083 is a better value. 
Evidently k must have a different value for different 
kinds of clouds, as is indicated by the following table, 
showing the relation between clouds at different levels 
and the outward radiation: 


Ss. 
| Number | Actual 
——| of obser- | outgoing 
Kind. | vations. |radiation. 
| 


In a table are given values of 2, measured on cloudless 
nights, and of F,, measured on nights when clouds were 
present. Also, #, for both clear and cloudy nights, com- 
puted from the equation 
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(0.126+0.179. (1) 


and values of ?,, for nights when lower clouds were present 
obtained by substituting the value of R,, computed as 
above for the respective nights, in the equation 


R,, = (1 —0.083m) R, (2) 


Not very close agreement can be expected between the 
observed and computed values of #,,, for the reason that 
on clear nights the difference between the observed and 
computed values of R, shows a maximum of about 
+15 per cent. Furthermore, at night there is great 
difficulty in estimating the value of m. 


2 Angstrém, A., On the radiation and temperature of snow, and the convection of 
the air at its surface. Arkiv. fér mat., astr. och fys., Bd. 13, No. 21, S. 13-14. 
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If we substitute in equation (2) the measured value of 
R,, on a night when lower clouds were observed, and the 
corresponding computed value of A, the equation may 
be solved for m, and the value obtained will probably 
be a better measure of the cloud density than the observed 
m. Such computed values of m are included in the table 
above referred to. In general, they do not differ from 
the observed (estimated) value by more than 1 on a 
scale of 10 for complete cloudiness. It is noticeable that 
the maximum differences (observed m=5, computed 
m=8, and observed m=4, computed m=2) occur with 
a partly overcast sky. 

t is of interest to compare the above results with 
measurements made under the direction of the reviewer at 
Mount Weather, Va., during the months May-September, 
1914; in Washington during the months December, 1914— 
April, 1915; in North Carolina during May, 1915; and 

ublished in this Review for February, 1918, 46: 57-70. 
he following table summarizes actual radiation measure- 
ments with a clear sky, or with lower clouds present. 


Clouds. 

a Number | Measured 
of obser- | outgoing 
Amount. | Kind. vation. ‘radiation. 

10 eos 18 | 0. 044 


The above amounts of cloudiness do not take into 
account the density of the cloud layer, and probably give 
too much weight to clouds near the horizon. 

In measurements of outgoing radiation with the sky 
completely overcast it must be recognized that the cloud 
layer may have a higher temperature than the surface air 
temperature. Such a case is noted in the Review above 

uoted, page 65. However, in general, it seems evident 
that nocturnal radiation measurements may be useful in 
indicating the thickness of the overlying cloud layer, as 
well as in furnishing data relative to the heat balance 
ae incoming and outgoing radiation.—H. H. Kim- 
all. 


T Ss. 


By G. A. Pearson, Forest Examiner. 
[Reprinted from Scientific American Monthly, New York, March, 1921, p. 270.) 


Mr. G. A. Pearson, forest examiner of the Fort Valley 
Forest Experiment Station, presents in two extensive 
papers published in Ecology for July and October, 1920, 
an account of his investigations on Factors Controlling 
Distribution of Forest Types. The following is a sum- 
mary of Mr. Pearson’s results and conclusions: 

1. Air temperature in the San Francisco mountain 
region decreases rather uniformly with a rise in altitude, 
excepting for local inversions in the minimum, which 
occur between the yellow pine and the Douglas fir types, 
due to air drainage. The lowest absolute minima and 
the shortest frostless season occur in the yellow ine 
type, following closely by the alpine type. The highest 
temperatures and greatest duration of heh temperatures 
are found in the lowest altitudes. Maximum tempera- 
tures decrease uniformly from the lowest to the highest 
stations. The daily range is greatest in the lower alti- 
tudes, decreasing from about 50° F. in the pinon-juniper 
to about 20° F. in the Engelmann spruce, From the 
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Engelmann spruce type to timber line there is a notice- 
able increase in range, due to the exposed situation of the 
timber line station. 

2. Precipitation increases rapidly with altitude up to 
the Douglas fir type. From the Douglas fir to the Engel- 
mann spruce type it remains almost stationary, but at 
timber line there appears to be a substantial increase. 

3. Wind movement is normally greatest in the higher 
altitudes, but this relation is not always indicated for the 
reason that some of the stations are located in the forest 
while others are in the open. e highest records are 
aoe at timber line, and the lowest in the spruce 
orest. ‘ 

4, Evaporation records show no constant relation to 
altitude, because wind movement and exposure to sun- 
shine, two of the strongest factors influencing evaporation, 
vary at the different stations according to density of 
cover. The highest records obtained are in the pinon- 
juniper type and the lowest in the Engelmann spruce 
type. 
 - On the basis of origin there are several general soil 
types in this region. Those in the pinon-juniper type are 

erived from sandstone, limestone, and basalt. In the 
yellow pine type local areas of limestone and sandstone 
occur near the lower limits, but basaltic soils predominate 
over the type asa whole. Above the yellow pine type all 
the soils are derived from volcanic rocks. 

Probably the most important soil character to be dealt 


with in this region is the capacity for absorbing and - 


delivering moisture as determined by permeability, 
water Bonding capacity, and willing coefficient. From 
this standpoint the heavy clay soils common through 
the yellow pine type present the least favorable con- 
ditions for growth, particularly with respect to natural 
reproduction. Although these soils have a high water- 
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SOLAR OBSERVATIONS. 


SOLAR AND SKY RADIATION MEASUREMENTS DURING 
FEBRUARY, 1921. 


By Hersert H. Meteorologist. 
{Solar Radiation Investigations Section, Washington, Mar. 31, 1921.] 


For a description of instruments and exposures and 
an account of the methods of obtaining and reducing the 
measurements, the reader is referred to this Review for 
April, 1920, 48 :225. 

From Table 1 it is seen that the solar radiation intensi- 
ties measured very close to normal values for February 
at alli the stations. 

Table 2 shows a deficiency in the radiation received 
from the sun and sky at Washington and Madison, and 
also at Lincoln during the early part of the month, fol- 
lowed by an excess during the latter part. 

Skylight polarization measurements obtained on four 
days at Madison when the ground was free from snow give 
a mean of 65 per cent and a maximum of 73 per cent on 
the 18th. There was practically no snow on the ground 
during the month at Washington: and skylight polariza- 
tion measurements obtained on two days give 64 per cent 
for both the mean and the maximum values. The above 
are average values for February at both stations. 


TaBLE 1.—Solar radiation intensities during February, 1921. 


[Gram-calories per minute per square centimeter of normal surface.] 
Washington, D. C. 


Sun’s zenith distance. 
8a.m.| 78.7° | 75.7° maz" 0.0° 60.0° | 70.7° | 75.7° 78.7° Noon. 
| | 
Date. 75th Air mass. Local 
me- mean 
ridian ' solar 
time. A. M. | P.M time. 
e 60/40 | 30 | 20 10 20 3.0 4.0 | 50 e 

mm.| cal cal | cal eal. cal. cal cal. | cal cal. mm 
2.62; 0.93, 1.03) 1.15, 1.28 1.43 1.23) 1.03 0.95) 0.84 2.7 
4.57, 0.62 0.76 0.94) 1.16 1.41) 1.06) 0.80 0.60, 0.45 6.02 
(0. 78)| 0. 86 (1.04) (1.22) ...... 1. 12/0. 92) (0.78) (0.64) ...... 
— 

Madison, Wis. 

Lincoin, Nebr. 
| 

Feb. 2 621 | 1.29)......)...... Tae 3.81 
6.27)...... {4.05} 1.18) 1.33] 1.50/...... 7.57 

2 1.34|...... 2. 49 
1.40 1.22 1.11, 0.99) 3.45 
: : 1. 39 (4. 26) (4. 14) 
Santa Fe, N. Mex. 
| 
3. 1.51} 1.68) 1.49)...... 1.23, 1.16) 4.37 
1.71) 1.57) 1.36] 1.30] 1.23] 1.68 
1.41) 1.27} 1.19} 1.11) 3.45 
3. 1.44) 1.67) 1.48) 1.36] 1.25] 1.17) 3.99 
1.38} 1.48)......| 1.49) 1.34) 1.24] 1.16)...... 


TaBLE 2.—Solar and sky radiation received on a horizontal surface. 


} | 


Average daily radia- Average daily depart- Exc¢ess or deficiency 
tion. ure for the week. since first of year. 
Week be- 
ginning | 
Wash- | Madi- | Lin- | Wash-| Madi-| Lin- | Wash-| Madi-| Lin- 
ington.| son. coln. ington. | son. coln. jington.| son. coln. 
cal. cal. cal. | cal. cal. cal. cal. cal. eal. 
Jan. 29.. 194 123 18 | -—-14,| —80 —60 | + 19 |—1,193 | —1,411 
Feb. 5... 150 130} 214 —77| -—90| -—52| —519 |—1,822 | —1,777 
jt ee 311 257 | 360 —61) +15 +67 | — 89 |—1,715 | —1,306 
eee 224 231 | 1354 —46 —30 +28 | —409 |—1,923 | —1,194 
| | 


1 For four days only. 


MEASUREMENTS OF THE SOLAR CONSTANT OF RADIA- 
TION AT CALAMA, CHILE, 


By C. G. Apport, Assistant Secretary. 
{Smithsonian Institution, Washington, Apr. 1, 1921.] 


In continuation of preceding publications, I give in 
the following table the results obtained at Montezuma, 
near Calama, Chile, in January, 1921, for the solar 
constant of radiation. The reader is referred to this 
Review for February, August, and September, 1919, for 
statements of the arrangement and meaning of the table. 

The month of January was very cloudy. Late reports 
indicate that February was even more so. 


Trans- Humidity. | 
mis- 
Solar sion 
Date. | con- |Method. |Grade = me Remarks. 
stant. 
at 0.5 pip S.C. ViF. 
micron. | 
1921. 
Per 
A.M. cal. | em. | cent 
Jan. 4) 1.963 | Miso...) S— 0.862 | 0.658 | 0.44 Cirri in various parts 
1.972 | ofsky prevented 
1.068 | W. earlier observa- 
| | tions. 
5] 1.057 | Me..... s- -862| .571| .39 29 | Scattered cirri in 
1.067 | north and east. 
6| 1.933 | Mis.-..| S . 860 -680 | .37 15 | Scattered cirri pre- 
7| 1.954 | Ms..... Ss - 862 -570 | .42 36 | Patches of cirri 
servations. 

8| 1.959 | Mes....| S 857 -534 | .48 45 | Streaks of cirrus 

P.M. 

10; 1.968 | Mj.20 Ss - 859 678 42 17 | Clouds prevented 
further observa- 
tions. 

A.M. 

14] 1.964 | My.os...| S— 857 556 Clouds prevented 
further observa- 
tions. 

15 | 1.961 | Mi.07...| S - 854 -605 | .56 28 | Cirri over northern 

earher observa- 
tions. 

18 | 1.982 | Epo......] VG 816 367 | .57 58 | Clouds over high 
peaks in north and 
east. 


= 
1 Extrapolated. 
= 
; 
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WEATHER OF THE MONTH. 
WEATHER OF NORTH AMERICA AND ADJACENT OCEANS. 


NORTH ATLANTIC OCEAN. 
By F. A. Youna. 


The average pressure for the month was somewhat 
higher than caer at land stations on the coast of Canada, 
and considerably so in northern European waters, while 
it was not far from the normal on the Atlantic and Gulf 
coasts of the United States. 

The number of days on which winds of gale force oc- 
curred was considerably above the normal over the 
greater part of the steamer lanes. They were reported 
on 10 days in each of the three 5° squares between the 
40th and 45th parallels, and the 40th and 55th meridians, 
and also in the square between the 45th and 50th parallels 
and the 35th and 40th meridians. 

Few fog reports were received from vessels, or from 
land stations on the American coast, although it was 
frequently observed in the British Isles. 

On the Ist and 2d there was a moderate disturbance 
of limited extent over the eastern section of the steamer 
lanes. On the 4th St. Johns, N. F., was near the center 
of a well-developed Low, and the storm area extended 
from the 37th to 47th parallels and the 35th to 60th 
meridians. 

British S. S. British Empress: Gale began on the 2d. 
Lowest barometer, 29.43 inches at 4 a. m. on the 5th; 
position, latitude 42° 32’ N., longitude 37°43’ W. End of 
gale on the 6th. « Highest force of wind 10, SW.; shifts 
near time of lowest barometer S-SW.-NW. 

American S. S. Lapland: Gale began on the 3d. Lowest 
barometer, 29.07 inches, at 11.30 p. m. on the 3d; posi- 
tion, latitude 41°12’ N., longitude 50°48’ W. End of gale 
on the 5th. ighest force of wind 9; shifts SSW.-WSW. 

American S. S. Hera: Gale began on thé 5th. Lowest 
barometer, 29.32 inches at 2.50 a. m. on the 5th; position, 
latitude 49° 45’ N., longitude 22°15’ W. Endon the 6th. 
Highest force of wind 10, SSW.; shifts SW.—W. 

his Low moved rapidly, and on the 5th the center 
was near mid-ocean, the eastern section of the steamer 
lanes bein net by southerly to westerly gales. 

Charts IX, X, XI, and XII show the conditions on the 
6th, 7th, 8th, and 9th, respectively, where exceptionally 
heavy winds prevailed over an extensive region, they 
being especially severe on the last two days. This storm 
was responsible for a large number of casualties and was 
remarkable for the large area covered, and its slow rate 
of movement during the last 3 days. Storm logs follow: 

British S. S. Custodian: Gale began on the 6th. 
Lowest barometer, 29.35 inches, at 5.30 a. m. on the 6th; 
position, latitude 37°29’ N., longitude 67°01’ W. Endon 
a 7th. Highest force of wind 10, NW.; steady from 


Dutch S.S. Maasdijk: Gale began on the 6th. Lowest 
barometer, 28.71 inches at midnight on the 8th; position, 
latitude 40° 29’ N., longitude 46° 58’ W. End on the 
10th. Highest force of wind 11, SE.; shifts, SE.S.- 
WSW.-WNW.-S.-SSE.-SW.-W. 

Belgian S. S. Eglantier: Gale began on the 6th. Low- 
est barometer, 9.05 inches at 7 a. m. on the 7th; posi- 
tion, latitude 46° N., longitude 56° 20’ W. End on the 
9th. Highest force of wind 11, NE.; steady from NE. 

American 8S. S. Hera: Gale began on the 7th. Lowest 
barometer, 29 inches at 11 p. m. on the 9th; position, 


latitude 46° 36’ N., longitude 42° W. End on the 9th. 
Highest force of wind 11, SW.; shifts not given. 

ritish S. S. Rathlin Head: Gale began on the 7th. 
Lowest barometer, 29.65 inches at 5 a. m. on the 8th; 
position, latitude 42° 15’ N., longitude 30° 40’ W. End 
Ee the 9th. Highest force of wind 11, S.; shifts SSE.- 


W. 

British S. S. Galtymore: Gale began on the 8th. Low- 
est barometer, 29 inches at 9 a. m. on the 9th; penn, 
latitude 52° 11’ N., longitude 38° 28’ W. End on the 


Bg Highest force of wind 10, SE.; shifts W—SW.-S.— 


Dutch S. S. Karimata: Gale began on the 9th. Lowest 
barometer, 29.18 inches at 8 a. m. on the 9th; position, 
latitude 36° 43’ N., longitude 49° 20’ W. End on the 
9th. Highest force of wind 11, NW.; shifts WSW.—-NW. 

By the 10th the intensity of this disturbance had 
decreased to a considerable degree, although a few reports 
were received from vessels in the mid-section of the 
steamer lanes that had encountered moderate to strong 
southerly gales on that day. 

On the 11th a Low central off the New Jersey coast was 
responsible for southwesterly gales“ever the territo 
between the 30th and 37th parallels, west of the 68t 
meridian. This disturbance moved in a northeasterly 
direction along the coast, and on the 12th the center was 
near Sydney, Nova Scotia, where a barometer reading of 
28.96 inches was recorded. The storm area had increased 
in extent and now covered the region between the 30th 
and 45th parallels, and the 40th meridian and the Ameri- 
can coast. Storm logs: 

American S. S. El Sud: Gale began on the 10th. Low- 
est barometer, 29.63 inches at 9 a. m. on the 11th; posi- 
tion, latitude 34° N., longitude 75° 52’ W. End on the 
oy Highest force of wind 9, SW.; shifts SW.-W.-— 

American S. S. Santa Paula: Gale began on the 1ith. 
Lowest barometer, 29.59 inches at noon on the 11th; 
position, latitude 36° 17’ N., longitude 68° 37’ W. End 
a 12th. Highest force of wind 9; shifts SW.- 

American S. S. Clauscus: Gale began on the 11th. 
Lowest barometer, 29.62 inches at 3 p. m. on the 11th; 
position, latitude 32° 50’ N., longitude 71° 20’ W. End 
on the 12th. Highest force of wind 9, WNW.; shifts 
WSW.-WNW. 

British S. S. Vasconia: Gale began on the 12th. Low- 
est barometer, 29.67 inches on the 12th; position, lati- 
tude 43° 12’ N., longitude 45° 58’ W. End of gale on the 
13th. Highest force of wind 10,SW.; shifts SSW.-SW. 

On the 13th and 14th a few reports were received denot- 
ing southerly gales between the 45th and 52d parallels 
and the 30th and 37th meridians, accompanied by com- 
paratively high barometer readings. On the latter date 
moderate westerly gales were also encountered east of the 
Bermudas, between the 50th and 55th meridians. 

On the 15th, 16th, and 17th there was a severe dis- 
turbance over the western and central sections of the 
ocean, as shown by Charts XIII, XIV, and XV, respec- 
tively. Storm logs: 

American Haleakala: Numerous rain squalls. 
NW. wind of hurricane force. Heavy NW. sea. Posi- 
tion at Greenwich mean noon on the 15th; latitude 
38° N., longitude 60° W. 
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British S.S. Wayfarer: Gale began on the 14th. Low- 
est barometer, 29.89 inches at 8 a. m. on the 15th; posi- 
tion, latitude 43° 45’ N., longitude 33° 40’ W. End of 


gale on the 15th. Highest force of wind 9, SSW.; 


steady from SSW. 

British S. S. Bolivian: Gale began on the 15th. Lowest 
barometer, 29.40 inches at noon on the 15th; position, 
latitude 40° 29’ N., longitude 59° 35’ W. End on the 
17th. Highest force of wind 11, NW.; shifts W.—N. 

British 5. S. Celtic: Gale began on the 15th. Lowest 
barometer, 28.78 inches on the 15th; position, latitude 
41° 03’ N., longitude 55° 56’ W. End on the 16th. 
Highest force of wind 11, WNW.; shifts SSW.-_NW.—N. 

erican S. S. East Cape: Gale began on the 16th. 
Lowest barometer, 29.17 inches at 6 p. m. on the 16th; 
position, latitude 49° 10’ N., longitude 38° 30’ W. End 
on the 17th. Highest force of wind 10, S.; shifts SSW.— 
SE-E.-SSW. 

From the 18th to the 20th moderate weather prevailed 
over practically the entire ocean, with the average pres- 
sure considerably above the normal. 

On the 2ist a well-developed Low was central near 
Sable Island, Nova Scotia, and strong southerly gales 
prevailed in the easterly quadrants, while northerl 
winds of gale force were encountered between the 60t 
meridian and the American coast. 

From the 22d to the 24th heavy weather was reported 
from the western $. #tion of the ocean, between the 30th 
and 40th parallels, and the 50th and 67th meridians. 

From the 21st to the 24th gales were also encountered 
by vessels in the eastern division of the steamer lanes, 
although not enough reports have been received from 
these waters to permit of an accurate determination of 
the centers and extent of these disturbances. 


Storm logs: 


British S. S. Ninian: Gale began on the 21st. Lowest 
barometer, 29.70 inches at 6 a. m. on the 21st; position, 
latitude 42° 19’ N., longitude 62° 58’ W. End of gale 
on the 21st. Highest force of wind 9; shifts W.—N. by E. 

American S. 8. Jackson: Gale began on the 21st. Low- 
est barometer, 29.12 inches at 4 a. m. on the 21st; posi- 
tion, latitude 58° 45’ N., longitude 12° W. End on the 
24th. Highest force of wind 10. Shifts not given. 

American S. S. Osawatomie: Gale began on the 2\st. 
Lowest barometer, 29.45 inches at 2 a. m. on the 22d; 
position, latitude 43° 49’ N., longitude 41° 25’ W. End 
on the 23d. Highest force of wind 9, WNW.; shifts 
sSW.-W.-NW.-N. 

American S. 8. Ipswich: Gale began on the 22d. Lowest 
barometer, 29.32 inches at 11 p. m. on the 22d; position, 
latitude 35° 41’ N., longitude 61° 18’ W. End on the 


_23d. Highest force of wind 9; shifts SW.-W.-WNW. 


American S. S. Bellingham: Gale began on the 22d. 
Lowest barometer, 29.54 inches at 11 p. m. on the 22d; 
position, latitude 35° 44’ N., longitude 60° W. End on 
a 23d. Highest force of wind 12, W.; shifts SSW.- 

From the 25th to the 28th, while moderate gales were 
reported by a few vessels in widely scattered localities, 
moderate weather with high pressure and slight gradients 
prevailed over the ocean as a whole. 
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NORTH PACIFIC OCEAN. 
By F. G. TinGuey. 


At Midway Island pressure was above the normal by 
moderate amounts on the 2d, 9th, 10th, 12th, 15th, and 
28th. On other days it was below normal, markedly so 
from the 18th to 26th, for which period the daily defi- 
ciency averaged some 0.33 inch. 

At Honolulu the pressure curve closely followed that 
of Midway Island, but the departures were not so great 
in amount. 

At Dutch Harbor pressure was generally below normal 
until the 9th, when high pressure set in and continued 
until the 20th, the daily excess during this period amount- 
ing to about 0.35 inch. Following this the pressure fell 
so as to result in an average daily Sebcincy of about 0.60 
inch for the last eight days of the month. This was in 
connection with the development of a depression of great 
extent, covering the whole of the central part of the 
ocean during much of the last decade. 

The general character of the weather of the north 
Pacific during February was stormy, more especially 
along the northern steamer routes, resembling in this 
respect the weather of the preceding December. So far 
as noted there was an abatement of the strong northeast 
trades, which were a feature of the weather of January. 

During the first decade the gales reported appear to 
have resulted from a series of comparatively small de- 
pressions, as they were reported from different parts of 
the ocean instead of being grouped, as is frequently the 
case. During the second and third decades the gales 
were quite noticeably grouped, appearing to have re- 
sulted principally from two depressions, one of rather 
small extent which moved eastward over the Gulf of 
Alaska from the 11th to 13th, the other a more im- 
portant depression, or closely related series of depres- 
sions, which advanced from the western part of the 
ocean and culminated in the large cyclone of the last 
decade, already referred to. 

Of the experiences of the vessels involved in the first 
of these disturbances that of the Japanese S. S. Toku- 
shima Maru, Capt. S. Shibutami, Yokohama for Van- 
couver, is typical. This vessel was in latitude 51° 12’ N., 
longitude 160° 25’ W., on the 13th and on that day had 
a whole gale accompanied by a high sea. The wind 
shifted from SSE. to NNW. by way of S. The Tokushima 
Maru had previously experienced heavy weather on the 
2d, in longitude 144° E., and on the 6th and 7th, in 
longitude 160-164° E. 

“creensleian about the 12th stormy weather set in over 
that part of the ocean to the eastward of Japan and the 
and during the following week gales were _re- 
ported very generally by vessels in those waters. Dur- 
ing the succeeding week there was a noticeable eastward 
movement of the gale area to about mid-ocean. 

The American 5. S. Salina, Capt. Wilhelm Sorenson, 
Manila (Feb. 4) for San Francisco, was one of the vessels 
involved. Mr. F. P. Marshall, second officer and ob- 
server, has furnished the following report of the gale: 

Gale began on the 12th; lowest barometer, 29.32 
inches at 2 a. m. of the 13th, in latitude 35° 48’ N.., 
longitude 155° 44’ E.; end of gale on the 17th; highest 


j 
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force, 10, from SE.; shifts of wind, SE. to S. There was 
a lull in the gale from midnight of the 14th to noon of 
the 15th. 

The U. S. A. T. Diz, Capt. A. N. Rasmussen, Miike 
(Feb. 9) for San Francisco, was another vessel involved. 
The report from the Diz shows that very rough to 
mountainous seas were encountered throughout most of 
the voyage, with a strong WNW. and NW. swell which 
the ed even while the wind and sea were from the 
south. 

The American S. S. Edmore, Capt. T. H. Cann, Yoko- 
hama (Feb. 13) for Seattle, also had heavy weather on 
the voyage. The Edmore, some distance to the west- 
ward of the Diz, had a very persistent NE. swell. 

One of the vessels on the westward passage about this 
time was British S. S. a ate of Asia, Capt. A. T. 
Hailey, Victoria (Feb. 11) for Yokohama. is vessel 
met the principal depression of the series referred to on 
the 18th, when in about longitude 165° E. Mr. E. Turney, 
fourth officer and observer, has furnished a special report 
which shows that during the afternoon of the 18th and 
morning of the 19th the barometer fell from 29.60 
inches to 28.50 inches. About noon of the 19th the 
barometer began to rise rapidly and the wind, which 
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was then blowing a moderate gale from the north, went 
to NNW. and increased to a whole gale, which continued 
to midnight. The rise of the barometer from noon of 
the 19th to noon of the 20th amounted to 1.35 inches. 
One of the most interesting reports for the month is 
that from the well-known erican yacht Carnegie, 
returning to home waters after an extended cruise 
in the Southern Hemisphere. The Carnegie, under 
the command of Capt. J. P. Ault, sailed from Fanning 
Island for San Francisco on January 15, arriving Feb- 
ruary 19. Until the end of January the weather was good, 
with mostly light to fresh easterly breezes and smooth 
to moderate seas. From February 1 to 15, however, 
the weather was generally stormy, with rough to heavy 
seas. The highest force of the wind was 9, on the 12th- 
13th. Mr. Russell Pemberton, meteorological observer, 
invites special attention to the fact that from midnight 
of the 1st to 2 a. m. of the 11th, while on a course from 


latitude 38° 31’ N., longitude 165° 07’ W. to latitude. 


38° 30’ N., longitude 136° 34’ W., the wind was con- 
tinuously between the points SW. and SE., force 4 to 8. 
The weather was overcast, foggy, and rainy during 
almost the entire period. 


NOTES ON WEATHER IN OTHER PARTS OF THE WORLD. 


Newfoundland.—St. Johns, February 8.—Newfound- 
land to-night huddled under its heaviest snow blanket 
in 30 years with a blizzard of three days still raging un- 
abated. Rail, water, and highway traffic has been sus- 
pended throughout the colony and pedestrians here to-day 
were compelled to use snowshoes to venture into the 
streets.—Associated Press (%) February 8, 1921. 

Jamaica.—Rain began to fall in Jamaica during the 
first week of February, after months of drought,? during 
which some of the banana and cane growing districts 
suffered considerably.! 

Europe.—The pressure distribution over west and 
northwest Europe during the month was largely domi- 
nated by a series of important anticyclones. In conse- 
quence, strong winds aa ales were rare, and the rainfall 
was small except in the Mediterranean area. Tempera- 
ture was mostly high for the time of year in western 
Europe and Iceland, but severe frost prevailed at times 
over Sweden. Depressions followed paths well to the 
northward or southward of the British Isles. 


3Cf. Pickering, W. H.: Relation of prolonged tropical droughts to sunspots, Mo. 
WEATHER Rev” October, 1920, 48, 589-592. 
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British Isles——The most noteworthy feature of the 
month was pronounced deficiency of rainfall such as had 
not been observed since the very dry Februaries of 1895 


and 1891. * * * At Seawaithe the rainfall was the 


smallest noted in February since observations began in 
1845, January of this year having been the wettest since 
1873. The general rainfall as a of 
the average was: England and Wales, 15; Scotland, 39; 
Ireland, 51.1 

Australia.—Partial but useful rains fell in Queensland 
and New South Wales during the early and middle parts 
of the month, but in Western Australia the fall was too 
light to be of benefit. Near the end of the month heavy 
rainstorms were occurring in South and Central Australia, 
and also over a considerable portion of New South Wales.' 

New Zealand.—Wellington, Feb. 25.—A hurricane 
southeast of the Lau (Fiji) Group on February 12, 
caused a tidal wave four feet high, which swept over the 
islands. The cocoanut trees are not seriously damaged. 
Two cutters were wrecked but no loss of life is reported.— 
Samoa Times, Mar. 5, 1921, 


1 The Meteorological Magazine, March, 1921, pp. 50 and 56. 
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DETAILS OF THE WEATHER OF THE MONTH OF THE UNITED STATES. 


CYCLONES AND ANTICYCLONES. 
By W. P. Day, Observer. 


Lows were numerous and a considerable portion were 
abnormal in their movement. Three of the Alberta 
Lows moved far to the south of the normal path. Sec- 
ondary developments occurred frequently. High pres- 
sure areas were not important, as a rule, though a greater 
number were nate than usual. 

Tables showing the number of nicHs and Lows by types 
follows: 


LOWS. 
— 
| South 
ou ern ou 
Al- | Pa- | Rocky Texas, East |“ az | Cen-| To- 
cific. | cific. | Moun "| lantic. 
tain. 
February, 1921....... 6.0/ 30) 10}....... 30} 20) 17.0 


Average number, 
1892-1912,inclusive) 3.1 2.3) 1.0 02) 15 1.5; 0.5 0.2 0.7 11.0 


‘Plateau 

| _ and | 
North South; Al- | Rocky |Hudson Total 
| Pacific. Pacific.| berta. | Moun-| Bay. 
| tain 

Region 


11.0 
7.8 


February, 20 
Average number, 1892-1912, inclu- | 


20) 20/ 10| 
0.5 4.7) 1.2 0.6 | 


THE WEATHER ELEMENTS. 


By P. C. Day, Climatologist and Chief of Division. 
[Weather Bureau, Washington, D. C., Apr. 1, 1921.] 


PRESSURE AND WINDS. 


The atmospheric pressure during February, 1921, like 
that of the preceding months of the winter, exhibited few 
marked variations from day to day, and the gradients 
from nIGHs to Lows or otherwise were in most cases of 
small dimensions. As a result, winds were usually of 
moderate force, and temperature changes lacked the 
abruptness usual to the winter season and were confined 
me within narrow limits. 

Storm areas were frequently indefinite and usually 
developed little strength until reaching the more easterly 
districts. Low-pressure areas, giving precipitation over 
= districts and in rather generous amounts, pre- 
vailed from the central valleys eastward: during the latter 
part of the first and the ear y part of the second decade, 
and again, near the end of the second decade, low pres- 
sure over southern and eastern districts caused generéus 
precipitation from the Southern Plains region, eastward 
and northeastward to the Atlantic coast. During the 
night of the 22d—23d low pressure developed over the 
region of the Great Lakes, and at the morning observa- 
tion of the 23d it appeared as a storm of considerable 
severity, central slightly to the northeastward of Lake 
Huron, and precipitation had covered a wide territory 
from eastern Texas and the lower Mississippi Valley 
northward. This precipitation area moved eastward to 
the Atlantic coast during the following 24 hours, but the 
falls of snow or rain were mostly light. The latter part 
of the month had no extensive barometric depressions, 


but local Lows brought precipitation to scattered areas, 
an unusually heavy fall occurring at Del Rio, Tex., 
where nearly 6 inches fell in a few Heals on the night of 
the 27th—28th. 

The most important anticyclone of the month appeared 
in the far Northwest on the morning of the 16th and 
moved southeastward into the Missouri and central 
Mississippi valleys within the following 48 hours, at which 
time it was strongly reinforced by another apparently 
moving southward from the British Northwest Terri- 
tories. The combined high pressures dominated the 
weather over the northern districts for several days, 
during which time the coldest weather of the month pre- 
vailed over the Dakotas and thence eastward to the 
Great Lakes. 

For the month as a whole, pressure was high toward the 
south, diminishing northward into the Canadian Provinces 
westward of the Great Lakes. The negative departures 
were of moderate magnitude from the Missouri Valley 
northward into the Canadian Provinces, but in other dis- 
tricts the departures, both negative and positive, were 
mainly unimportant. 

The general depression of the barometric pressure 
toward the north, as has been the case in the precedin 
months of the winter, again favored the movement o 
warm air from the south into far northern regions, the 
result of which becomes apparent on examining Chart IV, 
showing the departure of the mean surface temperature 
of the month from the normal. 

Due to the absence of pressure gradients showing 
marked intensity, high winds occurred at infrequent 
intervals, and less inconvenience from drifting snow and 
other evidences of wind activity was experienced than is 
usual for February. 


TEMPERATURE. 


The end of February closed a winter of unusual mild- 
ness over the greater part of the country, and in some 
sections of the Middle West the winter as a whole stands 
without a rival in the persistence of mild weather, bright, 
sunshiny days, and the absence of severe storms and other 
disagreeable features usual to some period of each winter. 

The more important cold periods of the month were 
on the Ist, from the Great Lakes to New England; on 
the 7th and 8th, over the Great Plains, Rocky Moun- 
tains, and Plateau States; over the Pacific Coast States 
on the 15th to 17th; from the Dakotas to the Lake Su- 
perior district on the 19th; and along the middle and 
south Atlantic coasts and in portions of the Ohio Valley 
from the 21st to 25th. The lowest temperature reported 
during the month, — 40°, occurred in the mountain dis- 
tricts of Wyoming, but temperatures nearly as low oc- 
curred in Minnesota, and they were —25° or lower in 
New England and several of the western mountain States. 

Warm periods were well scattered through the month, 
the more important being from the 14th to 16th, when 
maximum temperatures were unusually high over all 
central and northern districts from the Rocky Mountains 
eastward, the readings on the 15th particularly being in 
many cases the highest ever recorded in February, and 
at a few places they were the highest of record for any 
winter month. Over the Southern States from Texas 
eastward the highest temperatures were usually reported 
on the 6th to 8th, and over the far Southwest about the 
24th to 25th, when the temperatures exceeded any pre- 
vious records for February at points in southern California. 
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For the month as a whole the temperature averages 
were above the normal in practically all portions of the 
country, and markedly so over the more interior districts 
where locally it was the warmest February of record. 


PRECIPITATION. 


The heavy rains during the latter part of the first de- 
cade and the first few days of the second decade from 
Arkansas and portions of adjoining States eastward to 
the Carolinas, and about the end of the second decade 
over much of the same district, carried the totals for the 
month somewhat above normal, and rather frequent pre- 
cipitation over the Pacific coast, particularly in Oregon 
and Washington, gave monthly amounts slightly above 
normal over portions of those States. In practically all 
other ——— of the country the precipitation was below 
normal, and in parts of Arizona the lack of precipitation, 
either rain or snow, following other months of dry weather 
caused a serious scarcity of water, and considerable loss 
of stock resulted. 


SNOWFALL. 


The monthly amounts of snowfall were nearly every- 
where less than normal, although in a few localities heavy 
falls were reported. On the 18th and 19th heavy snows 
for the region occurred from the Panhandle of Texas 
northeastward and eastward over portions of Oklahoma, 
Arkansas, and adjoining States, the falls in some cases, 
pesteoularty in eastern Oklahoma and central Arkansas, 

eing the greatest ever known. The same storm devel- 
oped considerable energy along the Atlantic coast and 
snow was general from the Ohio Valley to New England, 
the falls being unusually heavy in portions of southern 
New England. 

The snow on the ground throughout the month was much 
less than is usual for the closing month of winter. This 
was particularly the case in the Great Lake region, where 
the lack of a sufficient snow cover greatly hampered 
logging operations, and much loss was sustained thereby. 
As stated elsewhere in this issue, the snowfall was usually 


STORMS AND WARNINGS. 


STORMS AND WEATHER WARNINGS. 


Washington forecast district—The first storm warni 
of the month were issued on the 10th for the Atlantic 
coast from Cape Hatteras to Eastport, Me., in connection 
with a disturbance that moved rapidly northeastward 
from the lower Mississippi Valley to the Canadian Mari- 
time Provinces with a marked increase in intensity. 
These warnings were fully verified along the New Eng- 
land coast. 

On the 16th-17th a storm of marked intensity moved 
directly eastward from Lake Superior to the lower St. 
Lawrence Valley, and warnings were displayed from 
Norfolk, Va., to Boston, Mass. They were well verified. 

A disturbance of slight intensity which was central 
over southern Louisiana at 8 a. m. of the 19th moved 
rapidly northeastward to southeastern Virginia during 
the ensuing 24 hours with increasing intensity, thence 
directly northeastward over the ocean to the vicinity of 
Sable Island, where it was centered as a storm of marked 
strength at 8 a. m. of the 21st. This storm was attended 
by northeast and north gales along the Atlantic coast 
from Cape Henry northward, and a maximum wind 
velocity of 68 miles an hour from the northeast was regis- 
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light in the western mountain districts, but only in the 
more southern portions is the outlook for a good supply 
of water discouraging. 


ICE. 


Ice in the rivers and harbors continued of small vol- 
ume, particularly on the lower Lakes. At Detroit the 
river was open the entire month, with little interruption 
to ferry traffic, and similar conditions prevailed at 
Buffalo. The Connecticut River from Hartford to the 
Sound was open and navigation between that point and 
New York was possible during the entire month, a con- 
dition hitherto unknown. 

Ice of excellent quality was harvested over most 
northern districts, but farther south the supply was lim- 
ited, and in many districts where it is usually gathered 
the winter closed without any formation y ufficiently 
thick to permit of economical gathering. 


RELATIVE HUMIDITY. 


East of the Mississippi River and over the northern 
half of the Pacific coast region, the relative humidity was 
above the normal, harmonizing in a measure with the 
regions having fairly heavy precipitation during the month. 
Elsewhere it was less than is usual for February, although 
in many instances excesses occurred, especially durin 
the morning hours. The deficiencies were rather marke 
in portions of the Rocky Mountain, western Plains, and 
the southern half of the Plateau regions, as would be 
expected from the almost complete absence of precipita- 
tion in these regions during the month. 


LOCAL STORMS. 


Georgia.—Severe storms having some tornado char- 
acteristics, occurred on the 10th. Twenty-eight lives 
were lost at Gardner, and considerable damage to prop- 
erty occurred at that and other points in the vicinity. 

ennessee.—A tornado of small proportions occurred 
near Trezevant on the 16th, but without material damage. 


WEATHER AND CROPS. 


tered at Nantucket, Mass. Warnings were displayed 
well in advance of this storm. 

Storm warnings were ordered displayed from Norfolk, 
Va., to Boston, Mass., on the 21st; from Norfolk, Va., 
to Eastport, Me., on the 23d; and from Delaware Break- 
water to Portland, Me., on the 26th. These warnings 
were not well verified. 

The last storm warnings of the month were issued at 
9:30 p. m. on the 27th for the north Atlantic coast in 
connection with a disturbance that developed off the 
middle Atlantic coast on that date and moved rapidly 
northeastward. These warnings were fully verified. 

Small-craft warnings were issued for the east Gulf 
coast on the 19th, and special forecasts of strong winds 
were sent to open ports on Lake Michigan on the 15th, 
16th, 25th, an 

No cold-wave warnings were issued during the month, 
except for limited areas, as follows: 

14th and 17th.—Northern of Maine, New 
aaa and Vermont and extreme northern New 

ork. 

19th.—Extreme southern portions of Alabama and 
Mississippi and extreme northwestern Florida. 
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20th.—Extreme northwestern Florida, southern Geor- 
gia, and the South Carolina coast. 

23d.—Northeastern Michigan. 

Heavy-snow warnings were issued at 9:30 p. m. on the 
19th for New York, Pennsylvania, eastern and southern 
Ohio, northern West Virginia, and western Maryland, and 
for New England the following morning. Heavy snow 
occurred over nearly the entire area for which it was fore- 
cast, and there was a foot or more of snow over a con- 
siderable area. 

Frost warnings were issued for the south Atlantic coast, 
northern and central Florida, and the southern portions 
of Alabama and Mississippi on the 20th and 25th, and 
for Alabama, southern + aed: i, and extreme north- 
western Florida on the 23d. However, no damaging 


frosts occurred during the month in these sections.— 
Charles L. Mitchell. 


WARNINGS IN OTHER DISTRICTS. 


Chicago forecast district—The month, as a whole, 
Segment the forecast district, was remarkably warm 
and dry. 

No AE cold wave swept the district during the entire 
month and special warnings issued were confined to a few 
local cold-wave warnings and advices to live-stock 
interests. 

Because of the open winter, stock on the ranges is 

enerally in fine condition. Transportation at any time 
i not met with any material interruption, and the han- 
dling of perishable goods, so far as precipitation and cold 
are concerned, has been easy. However, greater care has 
been taken than is usual during the winter season in the 
shipment of perishables affected by heat. During most 
of the season shipments of fish throughout this area have 
had to be made in iced refrigerator cars, whereas as a rule 
during the cold winter when the temperature averages 
considerably below freezing, the shipment is made in 
ordinary box cars. 

The ice industry has also been seriously affected by the 
mild weather and the managers have been hard put in 
their endeavors to lay in a supply. The reserves of ice 
left over from the previous season, as well as the artificial 
ice, will have to be largely depended upon during the 
coming season. 

With the assistance of the Alaskan reports, the fore- 
caster has been able to furnish daily to shippers informa- 
tion covering several days in advance as regards probable 
temperature conditions. These advices have been con- 
sidered invaluable by the interested parties.—H. J. Cor. 

New Orleans forecast district.—W arnings were issued for 
this forecast district as follows: 

Northwest storm warnings were ordered for the Texas 
coast 9:00 a. m. February 19 and verifying velocities 
occurred at most stations. Small-craft warnings were 
poms Be on the Texas coast on February 6, 7, and 15 
and on the Louisiana coast on the 19th. 

Cold weather for the season prevailed over the district 
from the 18th to 20th. Cold-wave warnings were ordered 
on the 18th for east Texas except the northwest portion 
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and were repeated on the morning of the 19th to the 
Texas coast stations and southern Louisiana. The 
warnings were generally justified. 

Warnings for injurious temperatures were issued for 
the sugar and trucking regions on the i9th, 20th, 21st, 
and 23d. 

Live-stock warnings were issued for Oklahoma, 
Arkansas, and east Texas on the 19th. 

Fire-weather warnings were issued for Oklahoma and 
Arkansas on the 15th.—J. M. Cline. 

Denver forecast district—The temperature during the 
month was, for the most part, seer meg above the 
normal, and the precipitation was light and infrequent. 
Except at Durango, where the verifying limit was just 
reached on the morning of the 16th, no cold waves 
occurred, and no warnings of any kind were issued, aside 
from the advices in the regular forecasts. 

A storm of considerable intensity which appeared on 
the coast of Oregon on the 4th and moved southonseoed 
was attended by light but general precipitation between 
that date and the 7th, when the disturbance reached the 
Gulf coast. Another Low that was first noted over west- 
ern Oregon on the 12th moved across Wyoming on the 
15th, attended on the latter date by light snow in Utah, 
western Colorado, and northern Arizona. The passage 
of the storm was followed by a sharp fall in temperature. 
A third disturbance advanced from the north Pacific 
coast across Wyoming and Colorado between the 19th 
and 21st and was accompanied by light snow or rain in 
Arizona, Utah, and Colorado.—J. M. Sherier. 

San Francisco forecast district—February was a rather 
stormy month in the northern and central portions of 
this district, especially north of Cape Mendocino; and 

articularly so during the first half of the month. As in 

anuary, the pressure continued high over Alaska during 
the first and second decades, which forced the storm 
movement well to the south, causing rain and snow fre- 
quently from central California northward. 

During the month storm warnings were ordered 15 
times, and advisory warnings were issued 5 times. 
Most of the warnings were verified, at least partially so, 
and vessel reports showed that stormy weather prevailed 
at sea when coast stations did not report verifying 
velocities. 

On the 20th a heavy local rain caused flood conditions 
in the Eel River valley and Humboldt Bay sections, 
doing considerable damage to roads and telegraph and 
telephone lines. 

During the gale on the night of the 4—5th, the steam- 
schooner Klamath was wrecked on Fish Rock, which is a 
few miles south of Point Arena, and was a complete loss. 
The passengers and crew, 55 in all, were saved. é 

warm wave spread over southern California and 
southern Nevada on the 24th and 25th, and previous 
high temperature records for February were broken at 
many stations. 

arnings of heavy or killing frosts were issued seven 
times in California during the month, and were verified, 
but at no time did the temperature fall low enough to do 
serious damage to crops.—@. H. Willson. 
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RIVERS AND FLOODS. 


FLOODS DURING FEBRUARY. 
By Atrrep J. Henry, Meteorologist. 
(Weather Bureau, Washington, Mar. 26, 1921.] 


The floods of the month were moderate in character 
and confined to the south Atlantic and Gulf coast States, 
with the single exception of a near flood in the Wil- 
lamette River of Oregon, on the 10th and 13th. The 
floods in eastern districts were due in each case to heavy 
rains which fell during the period February 9-12. 

The usual details appear in the table below: 

The property loss was small. 


SNOWFALL IN ELEVATED REGIONS. 


At the end of February, 1921, the snow cover in the 
higher Sierra Nevada of California is very nearly up to 
the normal. In Oregon there is also very nearly the 
normal snow cover in the higher portions of the Cascades. 
The precipitation of February was, however, mostly in 
the form of rain, which was effective in removing some of 
the snow cover in the lower mountain slopes. 

Over the eastern slope of the Sierra Nevada and the 
high mountain ranges of the Humboldt basin in Nevada, 
the season’s snowfall up to January 31 was slightly 

eater than normal. 

In Colorado the snow covering at the end of February 
= less than the average in all of the watersheds of that 

tate. 

The snow cover in Washington is greater than the 
average and well packed. 

In Utah the snow cover is of good depth in some dis- 
tricts and only fair in others, especially in the southern 
portion of the State. Somewhat similar conditions 
prevail in Wyoming. 


Estimated loss by flood during February, 1921. 


Tangible| Estimated loss of 
Rivers of— a other | sion of | Value of 
ings, etc. Matured. | ‘tive, | Property. 
- $650 |.......... 1,175 $565 50, 475 
21,000 2,125 2, 565 71, 475 


Flood stages during month of February 1921. 


Above flood Crest 
Flood stages—dates. 
River. Station. stage 
From—| To— | Stage. | Date 
Atlantic Drainage: Feet Feet. 
oanoke..........| Weldon, N. C....... 30 12 14 36.4 13 
Greenville, N.C 13 15 17| 13.2 16 
Neuse..........-. Neuse, N.C......... 13 
3 
Cape Fear........| Elizabethtown, N.C} 22 | 285 
Fayetteville, N.C...) 35 ll 14 48.0 12 
Moncure, N.C...... 22 10 ll 26.0 li 
Waccamaw....... Conway, §.C....... 7 22 24 7.1 22, 23 
Peedee........... Cheraw, 8. C........ 27 ll 13 36.6 12 
Lynches..........| Effingham, 8.C..... 14 15 17 16.5 16 
Ferguson, 8.C...... 12 1 17.2 16 
Catawba.......... Catawba, 8. C....... 12 ll 12 16.4 ll 
24 2 2 24.7 2 
24 9 14 31.0 14 
15 10 13 23.6 12 
15 9 13 22.2 il 
7 10 12 11.0 il 
14 10 14 22.5 ll 
--ee--| Augusta, Ga.. 32 ll 12 35.1 li 
Broad (Ga.).... arlton, Ga......... 11 9 ll 22.4 9 
Milledgeville, Ga.... 22 10 12 27.2 il 
Ocmulgee......... acon, Ga.......... 18 10 12 21.6 ll 
Abbeville, Ga....... ll 15 14.6 17 
: Lumber City, Ga... 15 21 21 15.0 21 
East Gulf drainage: 
Apalachicola... ... River Junction, Fla. 12 il 27 18.8 15 
Woodbury, Ga...... 10 11 il 10.0 ll 
Chattahoochee. ...| Norcross, Ga......-. 16 10 11| 20.4 10 
30 12 14 31.9 13 
Alabama......... Montgomery, Ala... 35 ll 16 42.9 13 
Selma, Ala.......... 35 12 22| 43.5] 14,15 
Rome, Ga..........- 30 ll 13 33.9 il 
Gadsden, Ala....... 22 10 20 | 28.3 16 
<9 4, Lincoln, 17 10 21 21.9 il 
Etowah .......... Canton, Ga......... 9 11 | 321.0 9 
Costanaula....... Resaca, Ga.......... 25 10 14 33.0 li 
Tombigbee....... Demopolis, 39 12 28 52.7 i9 
Black Warrier....| Tuscaloosa, Ala..... 46 10 14 58.0 12 
on Jackson, Miss....... 20 17 (2) 25.1 22 
Mississippi drainage: 
Wabash.......... Lafayette, Ind...... ll 9 10 12.7 9 
French Broad. ...| Asheville, N.C...... 4 10 ll 4.3 li 
Dandridge, Tenn.... 12 ll ll 13.4 ll 
Rig Pigeon....... Newport, Tenn..... 6 10 ll 6.4 10 
lennessee........ Knoxville, Tenn....| 12 ll 12| 17.8 ll 
Chattanooga, Tenn..| 33 12 13| 345 13 
Guntersville, Ala.... 31 14 15 31.4 15 
Florence, Ala....... 18 12 14 18.7 12 
Riverton, Ala....... 32 ll 19 37.5 13,17 
Hiern. North | Mendota, Va........ 8 ll ll 9.0 ll 
ork. 
Hiwassee........- Charleston, Tenn... . 22 11 12; 24.2 il 
Tallahatchie...... Swan Lake, Miss.... 25 26 25.3 28 
Petit Jean........ Danville, Ark....... 20 25 22.4 26 
Patterson, Ark...... 9 23 27 9.3 24, 25 
Ringo Cr 20 20 23.0 21 
West Gulf drainage: 
Dallas, Tex......... 25 20 24; 33.7 21 
Trinidad, Tex....... 28 24} () 32.6 28 
Pacific drainage: 
Willamette....... Eugene, Oreg....... 10 
Oregon City, Oreg... 12 13 14 12.0 13,14 
Santiam.......... Jefferson, Oreg...... 10 10 ll 12.0 
! Continued from January. ? Continued into March. 2 Estimated. 


EFFECT OF WEATHER ON CROPS AND FARMING OPERATIONS, FEBRUARY, 1921. 


By J. Warren Smiru, Meteorologist in Charge. 
[Agricultural Meteorology, Weather Bureau, Washington, Apr. 2, 1921.] 


February, 1921, was generally favorable for outdoor 
operations, except that the soil was too wet for prepara- 
tion for planting in some south-central districts. Farm 
work made favorable progress in Central and Southern 
States, and at the close of the month considerable land 
had been prepared for corn and cotton. Some gardens 
and potatoes were planted as far north as southern Ne- 
braska, and spring wheat seeding had commenced in the 
southern portion of the spring wheat belt. 

Winter grains were largely unprotected by snow cover 
throughout the central portion of the country, but, as 


mostly mild temperatures prevailed, there was little 
somes of damage to winter wheat or other grains. 
Winter wheat maintained its previously reported satis- 
factory condition, although near the close of the month 
the ground was becoming dry in the western Great 
Plains, where some harm resulted from the blowing of 
surface soil. 1 

Cool nights and local frosts retarded the growth of 
tender truck crops the latter part of the month in some 
southeastern districts, while truck needed rain in the 
lower Mississippi Valley and in some of the more south- 


| 
; 
t 
7 
} 
4 
| 
| 
j 
| 
— 
| 
| 
i 
| 
F 


106 MONTHLY WEATHER REVIEW. Frprvary, 1921 


eastern sections; otherwise the weather was mostly 
favorable for these crops. 

The prevailing mild weather was favorable for the 
growth of grass in the Southern States, but there was 
insufficient moisture for ranges in the far Southwest. 
The mild weather was generally favorable for stock 
which, on the whole, continued in very satisfactory 
condition. 


Fruit buds prematurely advanced in central and 
southern portions of the country. During the latter part 
of the month freezing temperatures extended as far south 
as the central portions of the east Gulf States, and some 
injury was done to early fruit in sections of Alabama and 
locally in Georgia, while peaches and plums were badly 
damaged in southwestern Arkansas and portions of Okla- 
homa by the freeze at the beginning of the third decade. 


CLIMATOLOGICAL TABLES. 
CONDENSED CLIMATOLOGICAL SUMMARY. 


In the following table are given for the various sections of the climatological service of the Weather Bureau 
the monthly average temperature and total rainfall; the stations reporting the highest and lowest temperatures, with 
dates of occurrence; the stations reporting the greatest and least total precipitation; and other data as indicated 


by the several headings. 


The mean temperature for each section, the highest and lowest temperatures, the average precipitation, and 
the greatest and least monthly amounts are found by using all trustworthy records available. 
The mean departures from normal ays poem: and precipitation are based only on records from stations that 


have 10 or more years of observations. 


course the number of such records is smaller than the total number of 


stations. 
Condensed climatological summary of temperature and precipitation by sections, February, 1921. 
Temperatire. Precipitation. 
| = Monthly extremes. & Greatest monthly. Least monthly. 
s 
sc : a so 
& | go Station. Station. ao | Station. Station. 
> oo = | & > | | 
nan A a} A | | aA | < a 
\°F.| | m. | In. | In. In. 
81 15 | Florence...........-. 16 18 | 5.21 + 0.04 | Maple Grove........ 9.67 | Alaga........... 
45.6 + 2.1 | Mohawk............ 96 25t| Springville.......... —16 | 8 | 0.39 |— 0.63 | Oracle............... 1. 82 | 6 stations............ 0.00 
48.3 + 6.3 | Texarkana.......... 20| 3.59 |— 0.18 | Georgetown......... 8.90 | Whitecliffs.......... 1.00 
i+ OD | 97 25t) Squirrel Inn......... —7 15 | 2.23 |— 2.18 | Crescent............. 13.44 | 5statioms........... 0.00 
| 29.8 + 3.6 Rocky Ford......... 78| 25| Gunnison........... 9 | 0.68 |— 0.47 Savage Basin........ 4.75 | 3stations............ 
| 62.1 + 3.0 | Homestead.......... 89| De Funiak Springs... 27 26 | 1.77 |— 1.56 | Hypoluxo..........., 5.92 | Long Key........... | 0.36 
eorgia.........-.-...| 51.8 |+ 3.9 | Glennville........... | 8| 8| 2stations............ 20 3t| 4.43 |— 0.54 | Toccoa.............. | 10.77 | St. George........... | 0.83 
Hawaii (January).....! 68.5 |+ 0.3 | 2stations............ | 88} 46 | § |24.43 |4+18.14 | Honomu............ 2. 84 
| 29.2 |+ 0.9 | 66 —33 7|1.75| 0.00) Prichard............ | 0.35 
Mllinois. .............-.| 36.3 |+ 8.7 | Carbondale.......... | 77| 14| Freeport............ 8| 18] 0.83 |— 1.26 | Shawneetown....... 4.42 | Havana............. | 0.15 
| 36.2 |+ 7.0} Mount Vernon...... | 74 2 1 | 1.73 |— 0.92 | Huntingburg........ 5.57 | Crawfordsville ...... | 0.23 
| 40.2 |+ 9.0 0 8 | 0.26 |— 1.01 | Elkhart............. 1,10 | 11 stations........... 
Kentucky............. | 41.3 5.7 | 2stations............ | 14] 3stations............ 11 | 25t| 3.20 |— 0.40 Brownsville......... 5.20 | Cloverport.......... 1, 83 
Louisiana............. 56.8 |+ 4.3 | Kelley.............. | 7|Calhoun............. 24) 20 | 2.04 2.28 | Dodson... 4.51 | Angola.............. 
ere 37.8 + 5.0 Western Port, Md... 8 16 Oakland, Md........ —15 21 | 2.92 |— 0.35 | Friendsville, Md....; 4.11 | Hancock, Md....... 2.02 
Minnesota............. 20.7 |+10.5 | Winona............. | 67| 15] Roseau.............. —38 19 | 0.52 |— 0.15 | Brainerd............ 2.55 | 2etetions............ 0.09 
| 52.5 |\+ 42) 2stations............ | 83 | 6t| 4stations............ 24 | 4.25 0.66 | Aberdeen........... 8.04 | Pascagoula.......... } 1.41 
| 40.1 |+ 9.1 | Bolivar............. | $6] 16 in 5 20/| 0.94 1.33 | Caruthersville....... 0.02 
Montana.............. 30.2 |+ Foster............... 77 | 24+) Hebgen Dam........ —2| 0.47 |— 0.30| Heron............... 3.62 | Townsend...........| 0.00 
| 33.9 |+ 9.1 | Auburn............. 83 14t| Gordon............. —13 | 7 | 0.44 |— 0.30 | Brewster............ 1.50 | Beaver City......... | 0.00 
| 36.8 |+ 2.8 | Logandale........... | g4| 147) —20| 0.64 |— 0.39| Lamoille............ 3.07.| 2stations............ 0.00 
New England......... | 25.0 + 3.5 | Waterbury, Conn...) 74 | 4| Van Buren, Me..... —30 1 | 2.62 |\— 0.55 | Westboro, Mass..... 4.80 | Van Buren, Me.....| 1.01 
New Jersey........... 34.0 |+ 4.4/| Vineland............ | 16 Culvers Lake........ 3.82 |+ 0.25/| Little Falls.........| 5.82 | Bridgeton........... 2. 58 
New Mexico........... 38.3 |+ 1.1 | stations...........: 82 Tres Piedras. ....... —13| 8f, 0.47 |— 0.30 | Upper, 1.80| 6stations............ 
| | Ranch. 
27.0 5.4 Dansville........... 66 Raquette Lake...... | 25 2.57 |— 0.26} Mohonk Lake....... 5.16 | Ogdensburg......... | 9. 60 
North Carolina. ....... 44.8 |+ 3.2 | 2stations............ 79 | 16+| OS EE il 24 | 4.31 |4+ 0.22 | Highlands........... 9.37 ' Scotland Neck...... | 2.36 
North Dakota......... | 64 | —33 |} 19/ 0.39 |— 0.10 | Walhalla............ 1.30 2stations............ 
34.3 |+ 6.4 2 stations. ----| 77 |  15t) Montpelier. 1 2.05 |— 0.58 | Prospect .--| 3.97 Wauseon 0.91 
45.1 |+ 6.1 , 2stations. -+| 88 | 134 3 stations... 1.52 |\+ 0.13 | Poteau | Blackwel 
39.1 |+ 1.9 Marshfield 23 | Wallowa... —18| 17) 5.06 |+ 1.31] Government Camp..| 15. Andrews... 0. 49 
Pennsylvania .| 32.8 |+ 5.5 | Everett .---| 76| 16 | Ebensburg. 21 2.59 — 0.26| Philadelphia (d)..... 4.79 Brooksville 1.41 
Porto Rico..... .| 74.1./+ 0.7 4stations. | 91 | Arbonito.. 48 12+, 2.70 |— 0.81 | Vieques Island. . 6.60 Utuado... 0.10 
South Carolina. -| 49.4 |+ 2.4 Yemassee. eae | 8 | Santuck. 19 2L | 4.73 |+ 0.37 | Walhalla....... 9.68 Charleston. 1, 26 
South Dakota. .| 29.3 |+12.4 Spearfish... 14) Pollock.. —18 7 | 0.14 0.41 | Oelrichs........ 0.83 3 stations... 0. 00 
Tennessee. .| 45.2 |+ 5.1 4stations. --| 79| 14} Crossville. . 16| 24) 5.37 + 1.21 | Lynnville (near 815 Union City.. 2. 88 
Texas .| 53.9 |+ 3.6 Encinal... 6 | Dalhart.... 4] 1.51 |— 0.29 | Fort Clark..... 6.15 3stations.... 0. 00 
Utah.. ..| 32.6 |+ 2.9 | Springdale.......... | 81 | Blacks Fork ........ 7 0.93 |— 0.39 | Silver Lake. . 4.81 4stations....... -.-| 0.00 
40.8 |+ 4.6 2stations............ | 16] Woodstock.......... 1; 21 2.91 — 0.20 | Williamsburg &8% | Broad Run.......... 0.75 
Washington........... 36.7 |+ 2.3 | Olympia............ 71 7 | Snyders Ranch...... —15| 16) 4.42 |+ 0.75 | Cedar Lake......... 17.00 | Wenatchee.......... 0. 30 
West Virginia......... 37.4 |+ 5.4  Moorefield........... | 79 16 | Lost Creek.......... —10| 21 | 2.61 |— 0.45 | Raleigh............. 4.90 Brandywine........ 1.10 
24.1 |+ 8.6 Richland Center....| 67 15 | 2stations............ —18 | 0.65 |— 0.54 | High Falls.......... | 0.05 
Wyoming............. 26.5 |+ 5.1.| Cody................ 75 | 7t 0.39 0.48 | Moran............... 0.00 
| 


* For description of tables and charts, see this REview, January, 1921, p. 41, 
+ Other dates also. 
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TaBLe I.—Climatological data for Weather Bureau Stations, February, 1921. 
Elevation of 
Sievation 0: ° 
instruments. Pressure. ‘Temperature of the air. Precipitation. Wind. 
Districts and stations. | § leq BA | | tei| on q {es 
Ft. | Ft.| Ft.| In. | In. | In. | °F. °F) °F.) %| In. | In Miles, 0-00) In. | In. 
New England. 28.3|+ 2.8 77\ 2.74,— 0.6 6.4 
Eastport.............. 76, 67| 85| 29.96) 30.05/+0.05) 23.6)+ 2.2) 47/1 4| 1) 17| 28) 22 74 2.88—0.7| 14) 8,223 nw. | 48) 5} 13 10) 16.2) T. 
Greenville, Me........ 1,070 ....| 28.84) 30.06).....- 16.3)...... 42) 17| 27\—-12) 6| 12} 10/....| 15. 2/29.0 
Portland, Me.......... 103) 82) 117| 29.95! 30.08,+ 26.8/+ 3.0) 48) 17) 34) 7/25) 19) 28) 24 18] 4.244 0.6) 192) 5,833) n. 34 9} 7| 12\ 5.8) 26.7) 5.0 
288; 70) 79) 29.75) 30.08 + .04 25.8\+ 2.4 52 16, 36,— 8| 26 16, 2.48— 0.8) 11) 3,171) nw. | 19 13} 4} 11) 5.6) 22.6) 3.5 
Burlington............ 404) 11) 48) 29.62) 30.09+ 21.8)+ 3.9) 51 17) 30,— 5] 15) 13) 2.094 0.7} 15) 7,999, s 46 4) 19) 7.4) 16.0) 0.5 
Northfield. .-.......... 876, 12 60 -10, 30.09-+ .05) 19.04 1.8) 58 16 32—14 15 6 43, 17 14 2.02— 0.2) 14) 4,566 s 39) 3} 12) 13) 7.2) 25.4/16.0 
125 188, 29.92) 30.06-+ .02) 32.6)+ 4.6) 59 16 40, 26) 30 25| 2.64—0.8| 6,950) w 36 14 8) 6.2) 23.2) 1.0 
Nantucket............ 12, 14) 90} 30.02) 30.03 — .01 33.6|+ 1.0) 59 17) 38, 20) 25, 29, 18) 32) 29) 84) 2.89— 0.2) 11/10,909 nw. | 72 6, 6) 16 6.9) 3.4) 0.0 
Block Island.........- 46! 30.02| 30.04— .02, 33.0-+ 1.81.50 17/38 12) 25, 28 82 1.37—2.9| 11 13,058 nw. | 69 8} 13} 4.41 T. 
Providence............ 160) 251) 29.88) 30.06+ 31.4'+ 2.4) 58 16| 39 25| 24! 29) 25| 79| 2.23— 2.2) 9| 8,316) nw. | 49 6) 14) 8! 6.1) 17.41 1.4 
Hartford.............. 159, 140 29.90, 30.08 + 31.24 4.0, 60 16) 39, 25) 24 20 28 23) 72) 3.87+ 0.3) 11) 4,618) nw. | 33 5| 10) 13| 6 6) 21.2) 3.9 
New Haven........... 106| 74) 153) 29.96) 30.08+ .01) 32.2\+ 3.9) 54) 17| 39} 25) 25) 26! 29) 77) 3.44— 0.3] 10) 6,491) ne. 7| 10) 11) 6.0) 15.7] 2.0 
Middle Atlantic States. | 3684 3.9 | 76, 3.16— 0.6 6.3 
97, 102 115, 29.98 30.09|+ 27.8 + 4.2) 52) 17) 36; 4) 21) 19) 31) 25) 22) 82) 2.28-— 0.2) 9) 5,035) s 39 10; 9} 9) 5.6) 19.7) T. 
Binghamton.......... 871) 10) 84) 29.10) 30.06,— 27.8+ 3.1) 60) 16) 37— 5) 21) 19] 3.064 1.2) 13 3,878 nw. | 27 4) 18) 7.4) 24.4) T. 
314) 414) 454 29.72) 30.08 .00, 34.8-+ 4.1] 63) 16) 42) 11) 25 30; 31; 25| 4.90+ 1.2) 1011,977| nw. | 70 4| 13| 6.6) 13.5| T. 
Harrisburg............ 874 94) 104 29.68) 30.10 + .01 34.9/+ 5.0) 68 16) 41) 25) 36, 31) 25 71, 2.67, 0.0) 12 4, | ne 26 4 15) 6.9) 16.6) 1.0 
Philadelphia.......... 117, 123, 190, 29. 96, 30.09\— .01) 37.6 + 4.8] 68) 16, 45, 16) 25) 30} 34) 35) 32, 84, 4.40+ 1.0) 10 7,507) nw. 4) 11| 13| 8.2) T. 
Reading. ............- 325| 81, 98\ 29.73, 30.10....... | 34.4|...... 69) 41) 11) 25) 28) 25| 71) 2.66— 0.8) 11) 4,315) nw. 5| 7| 7.0, 14.5) T. 
Scranton.............. 805) 119 29.19) 30.08) 31.64 64 16] 39, 21) 24) 33) 98) 24) 78) 2.84/+ 0.1) 11) 4,909) sw. | 33 6 6| 16) 6.8) 16.0) 2.4 
Atlantic City.......... 52 48, 30.02) 30.08/— 37.6+ 4.6] 62 17| 44, 15 25) 32| 34) 31) 79) 3.74+ 0.5) 9) 5,418) nw. | 34 7| 11) 10) 5.4) 2.7) 0.0 
May 18| 13} 49) 30.09) 20.11, .00) 38.44 4.3) 60 44 20) 25| 32) 29) 32) 2.83\— 11) nw. 11} 13) 5.5! 2.6) 0.6 
Sandy Hook.......... 22, 10) 55! 30.06) 30.08)...... 57| 16| 14) 25| 29) 24) 32) 20) 82, 3.11|...... 10)11,516 w. | 65 5| 12} 6.5] 9.1) 0.0 
| 190| 159) 183, 29.86| 30.08)...... 66) 16) 42 25) 27) 34 31) 26) 74 3.44\+ 0.2 10 8,194 nw. | 49 4) 12) 12] 6.4) 14.0) 0.5 
Baltimore............. 123 100} 113) 29.96) 30.09\— .02 39.04 4.4) 73) 16} 46) 25| 32} 36) 34) 29) 70, 2.85\— 13) 4,367) sw. 25 5} 10) 13) 6.5) 7.2) 0.0 
Washington........... 112, 62, 85| 29.97] 30.10\— 39.04 4.5| 16| 47, 21 21 31) 34) 27| 68| 2.29— 1.1) 11 4,860 n. 34 13) 6.4) 5.1] 0.0 
Lynchburg...........- 153) 188 29.33) 30.09\— .02| 41.44 3.2| 16 51) 23) 26 361 31) 72, 2.60— 0.9} 5,043| nw. | 34 10} 7| 11) 5.3) 1.3/0.0 
91| 170, 205) 29.99) 30.09,— 45.04 3.2) 71) 16| 53, 28) 25) 37; 30, 40| 35, 75| 3.02— 0.7) 9 9,054) ne 48 11) 11| 6.0} T. | 0.0 
Richmond............ 144, 11) 52, 29.94) 30.10.— .01| 42.0-+ 72) 14) 51) 25] 21) 33) 32) 37) 34 82) 3.524 0.4) 8 5,804) me. | 32 9} 6.1) - 1.0) 0.0 
Wytheville............ 2,304) 56) 27.65) 30.10/— 37.6/+ 2.5) 67, 16] 16| 21) 30) 33) 30! 78; 0.7; 8 4,401) w. 28 10} 5} 13) 6.1) 7.5) T. 
| South Atlantic States. | 5.03\+ 2.6 3.02\— 1.0 5.6 
Asheville............-- 2,255, 70| 84) 27.69) 30.11,— 42.2.4 3.7] 71, 16| 24) 34) 34) 33) 77) 3.85\— 0.8! 14) 6,407| nw. | 31 9} 5| 14) 6.0) 0.8) 0.0 
Charlotte........... 779| 55| 29.24) 30.09\— .03) 45.5+ 1.4] 72) 14] 54) 22| 22) 37} 29, 38] 80) 4.61/+ 0.2) 12) 3,718) sw. | 29 9| 15] 6.0) 2.9) 0.0 
Hatteras 11) 12} 50) 30.06) 30.07\— 48.6)+ 2.0) 68] 20) 55} 34] 25) 42} 30) 46) 44) 87) 3.52\— 1.0) 14)10,386) n. 44 8} 12| 6.1) 6.0) 0.0 
376) 103| 110 29.68) 30.09,— 45.0\4 73) 54) 26) 22) 36) 30 34) 72) 3.52\— 0.8} 9 5,542) ne. | 33 9} 13] 6.3) 4.6) 0.0 
Wilmington........... 81) 91, 30.01) 30.10— .02) 50.5|+ 2.8 9] 59, 33) 22) 42) 29, 45) 42) 82| 3.32— 0.1) 11) 5,079) w. | 34 10) 11| 5.6} 0.0) 0.0 
Charleston............ 48) 92) 30.04) 30.09— .03/ 53.64 1.9] 17] 61) 37| 22) 46) 49) 46) 86) 1.26\— 2.2) 10| 6,966) sw. | 33 9 7| 5.6) 0.01 0.0 
Columbia, 8. C........ 351 57, 29.71) 30.10— .01| 50.2\4+ 76, 29| 22 41) 31 73° 4.49— 0.1) 12 4,481) ne 33 11) 5.5) 0.2) 0.0 
Due West............. 711, 55| 29.33| 30.12...... 46.9|...... 72| 14| 56| 20! 6.09)...... 13 5,601) sw. | 37 8} 11) 5.4) 1.7) 0.0 
Greenville, 8. C....... 1,039 113) 122, 28.96) 30.08 ...... 46.8)...... 76| 14) 56} 25) 38} 32| 41] 37| 78) 8.87|...... 12\ 5,371) ne. | 43 10} 10; 5.6) 0.2) 0.0 
Kin 80 77, 29.90) 30.09 — 52.0.4 3.9 8| 62; 32) 26, 32; 46, 42) 77) 3.85\— 0.5) 11) 3,556) nw. | 28) 6| 13| 5.7) T. | 0.0 
Savannah............. 65, 150) 194) 30.02) 30.09 — 55.6\+ 3.1} 82| 8| 64 36) 24) 47} 33) 49] 46) 81) 1.17|\— 9) 7,972| nw. | 45 13, 6 0.0) 0.0 
Jacksonville........... 209| 245) 30.05) 30.10,— .05) 59.6+ 2.7) 81) 8| 68, 39) 24 51) 28, 52 49, 80, 2.8) 8 7,522) sw. | 45 13} 4.2} 0.0] 0.0 
Florida Peninsula. 68.3.+ 0.7 77; 1.51\— 1.0 4.0 
22° 10) 64, 30.06) 30.08+ .01) 71.94 1.1] 83, 6 56| 67} 16) 66| 63) 78 1.80/+ 0.2) 5) 7,031) ne. nw. | 25/16 3) 3.4) 0.0 
Miami 25) 79 30.07, 30.10...... 68.8 82 2| 76, 43) 26, 28 63 60, 76, 1.15\— 2 5,587| 8} 5) 4.1) 0.0) 0.0 
Sand Key...........- 23, 39 72 30.03 30.06 — .04 71.2)...... 9 10) 74 60) 69) 12 66 63, 76 2.14)...... 410,258 ne. | 43) mw. | 2512 14 2) 0.0 0.0 
35) 79 30.06) 30.10 64.2+ 0.9 7 43) 26 27) 57) 54 79, 1.7) 3,835) ne. | 24) mw. | 24 11 10) 47) 0.0) 0.0 
East Gulf States. 53.2\+ 2.4 76 3.95 — 0.6 5.0 
Atlanta 1,174 0) 216 28.84) 30.10 — 48.1-+ 2.9) 72 14) 56) 27) 24 40) 30; 43) 39 75) 7.37+ 2.7 7,986, nw. | 40) nw. | 11/12 1 15 5.6 T. | 0.0 
370 78, 87, 29.70, 30.10, — .02) 51.3\+ 2.4 15 61 3) 42) 34) 45) 74 2.24— 2.3) 8 3,913, mw. | 24) nw. | 11 6, 6.2| 0.0) 0.0 
Thomasville.......... 273 58 29.80 30.10 — .02 56.4+ 1.4) 78| 15| 66, 36) 24, 47| 32} 491 45, 76 1.27— 7| 3,223, sw. | 19] sw. | 11 12) 9 4.9} 0.0) 0.0 
Pensacola............. 56 149 185 30.04 30.10— 01) 55.6)+ 0.1] 72) 17| 62) 36) 20 49; 22) 52 2.16\— 2.3) 8,594 n. 36) sw. | 19 12) 4) 12 5.3) 0.0 0.0 
741 9 57 29.30 30.11— 48.64 2.8) 75) 15 59) 25| 3) 38} 36}....|... | 3.1) 12 4,259] mw. 25) se. | 1911) 9| 8] 4.9] 0.0) 0.0 
Birmingham.......... 700 11 48 29.34 30.12 .00 50.04 1.7| 76 8| 60 28/24] 4a 30, 72 7.3214 2.6 12 5,138 m. | w. 10 9 11) 8 5.1) T. {0.0 
57, 161, 30.04 30.10 — 56.0.4 2.8) 80 5| 64) 35| 48) 26) 51) 47 79 1.41|\- 4.0, 8 7,180/s. | 33) mw. | 23,12 7) 9/ 4.6) 0.0 0.0 
Montgomery | 223 109 29.86 1.7| 77) 16| 62; 34) 24] 44 47| 42 4.87|— 0.6 4,086 sw. | 25] w. 10 14) 5) 9) 4.5 0.0 
Meridian.............. 375 85, 93) 29.69) 30.10— .01) 52.5. + 3.4) 80, 63) 42) 35) 46, 41 73 3.87|+ 1.0 10, 4,386 mw. | 31) mw. | 24 15) 5) 8 4.4) T. | 0.0 
Vicksburg............ 73, 20.83) 30.11/+ 101 54.04 3.1] 76, 7| 63 31) 19) 45| 31 43) 74 3.24— 1.4) 115,610 n. | 34 mw. | 24 14 11) 4.8) 0.0 0.0 
New Orleans.......... 53, 76 84, 30.04) 30.10 + .01 3.9) 80, 7] 68) 20) 52} 29) 54) 50| 76, 1.94/- 2.5) 7| 2,849) sw. | sw. | 24/13} 8| 7| 4.4) 0.0) 0.0 
| 
West Gulf States. | | | | 83.714 3.7 72; 1.98|\— 0.7 | | 4.5 
Shreveport............ 249 93, 29.82, 30.10 + OL 53.6)+ 3.6] 79 7| 64) 29) 44) 32, 46) 40, 68 1.91|- 1.7) 6 5,567, se. | 26) nw. | 24 13) 9 4.7) 0.0) 0.0 
Bentonville. .......... 1,303 11) 44) 28.67) 30.07\— .03) 44.0/+ 5.5] 76| 13} 55) 11! 20) 33) 36]....|.... 4,450 nw. | 8. 15| 9) 6| 4.6) 6.5] 0.0 
Fort Smith........... 457 79, 94 29.58) 30.07— .03 46.8+ 5.0) 79 13) 57) 12) 20| 36] 37, 41) 35, 69) 3.03|+ 0.3) 6 5,707,e. sw. | 3) 8) 4.1) 18.3) 0.0 
Little Rock $57) 136 29. 69 4.9 75) 13 23 20 31 42) 37 2.7 60) nw. 2% 15| 4.2 1.6 0.9 
Corpus 20 69 77, 30:08) 30.67 4 102 60.9: 80 69| 36 21| 53) 32,85, Si 382808 | 0.0 
512 109 117 29.54) 30.10...... §2.0)...... 80, 13] 63} 30) 20) 41) 34)..../....|....| 1.97)...... 4 6,348 nw. | 36) 15, 13, 8 7| 4.2; T. | 0.0 
Fort Worth........... 670, 106, 114, 29.34) 30.06 .01 52.0+ 3.9) 80 13] 63; 29, 20) 41) 44) 38) 68 2.624 1.4) 4 7,333 mw. | 35) s. 15| 11) 10) 4.5) T. | 0.0 
Galveston............. 54 106 114 30.04] 30.10 + .03 58.04 2.4) 73 7| 64) 37) 20) 52} 24) 54 52 87) 0.30\— 2.8} 5) 7,828! se. | 33) mw. | 19) 13) 10) 4.5) 0.0) 0.0 
1) 11) 56 29.59] 30.08 ...... | 84 4) 66} 31) 21) 42) 1.19}...... 4 8,381\n. | 39)mw.| 7 13) 11 4.8) 0.0) 0.0 
HOMAGE 138, 111 121) 29.94) 30.09 ...... | 58.2\-+ 4.2! 80) 5) 68) 35] 20/48) 1-45}...... 7, 6,094) se. 30) mw. | 19 15, 5) 8) 4.2) 0.00.0 
Palestine.............. 510, 64 29.54| 30.08.00 54.44 3.5| 79 13| 65| 29) 20| 44| 46 64 216-12 6 6, 067) n. 27| s. 612, 10 4.9| 0.0) 0.0 
Port Arthur........... 34 58 66 30.04) 30.08...... 74) 16] 65| 35| 20) 49) 27) 52) 49) 83) 1.67|...... 6,811, s. | 36|nw. | 19) 13, 8| 0.0) 0.0 
San Antonio. ......... 701, 119 132, 29.33] 30.06 + .01 58.4-+4+ 4.0) 84 26) 21) 46) 40) 49) 40 59, 0.23/— 1.6 2 6,045| se. | 37) nw. 4 7 7| 3.9 0.0 
| 582 55! 63! 29.50 30.11/+ .05 55.4+ 1.0 81: 26) 67) 31! 21' 43) 1.26—1.3' 516,600 n. | 30'n. 71 9 0.00.0 
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Pressure Temperature of the air. 
eleis is. | 
33a a = 3 
Districts and stations.| |S ./* .| $8) 38 
& = | 5 
Ohio Valley and In In. | In. | OF. oF °F) OF. 
Tennessee 39.4/+ 3.9 
4 
Chattanooga.......... 29.29) 30.12|— .01) 46.2\+ 2.5) 75) 14) 55) 25) 3 
Knoxville............. 29.02) 30.09|— .03) 44.6\+ 3.8) 73) 15) 53] 27) 24 
Memphis.............. 29. 68) 30.12 47.6|+ 4.3) 73) 14| 55) 26) 20) 
Nashville............. 29.51) 30.10 45.1)+ 4.0) 74) 14) 53) 24) 25 
Lexington 29. 00} 30. 10) 38.2|4+ 2.6] 15) 45) 17) 18 
Louisville..........-.- 5} 29.51) 30.11 40.0\+ 3.4) 70) 15) 47) 20) 24 
Evansville . 29.62) 30.10 40.0|+ 71] 14| 47| 20 
Indianapolis... ....... 29.16) 30.07 36.2\+ 5.5) 68) 15) 43) 
Royal Center.........- 29. 24] 30.06 67| 15] 39) 13) 18 
Terre Haute........... 29.42) 30.05 37.8).-..-. 70} 15| 45) 18) 18 
Cincinnati............- 29. 40} 30. 10) 37.0\+ 4.6) 70) 15) 44) 15) 18 
Columbus............. 29. 19) 30.09 34.6/+ 3.6] 67| 15) 41) 16) 18 
Dayton... 29. 06] 30.05 68) 15) 42) 16) 18 
27.97! 30. 10 35.6/+ 4.1) 71) 16] 46) 3) 21 
Parkersburg < 29. 42) 30.09 38.2)+ 4.3) 74) 16) 46) 15) 21 
29. 14) 30. 08 35. 3.8) 70) 16) 43) 14) 21 
Lower Lake Region. 29. 5.2 
29.19) 30.05 29. 4/+ 5. 56) 16) 35) 12) 24 
29. 55) 30. 05 20. 9\+ 2.9) 55) 16) 15 
29. 68) 30. 06 28. 4.3) 56) 16) 34) 10) 25 
Rochester............. 29. 48) 30. 07 30. 2|+ 6.3) 61) 16) 36) 10) 25 
Syracuse.............. 29. 40) 30. 07 28.6|+ 4.8) 59) 16) 35) 6) 21 
oth 29. 26) 30. 05; 31. 5.2) 63) .16) 37) 16] 21 
Cleveland ............. 29. 22} 30. 07 32.1\+ 5.3) 64) 16) 38} 18) 21 
Sandusky............. | 29. 36) 30. 06 32. 6\+ 5.5) 65! 16) 38) 19) 17 
| 29, 36) 30.07 32. 5. 2) 63) 16) 38) 17) 20 
Fort Wayne..........- | 29. 11) 30. 06 32. 8|+ 7.0} 66) 15) 39} 15) 1 
ee 29. 24) 30. 06 30.4/+ 5.4) 60) 16) 36) 16) 20 
Upper Lake Region. 25.7\+ 6.5 
24. 6. 4| 58) 16) 31) 24 
22. 0\+ 6.7} 48) 16) 2) 27 
Grand Haven......... 29. 5.2) 62) 15) 35) = 8} 20 
Grand Rapids......... 30. 4.5) 59) 16) 36) 12) 20 
Houghton...........-. 20. 0\+ 4.0) 46) 16) 28\—10) 20 
28. 6.7) 59) 16) 35, 9} 24 
Ludington. ..........- 57| 15| 34) 20 
Merquette. ............ 7.6) 49) 16) 30) 2) 20 
Port Huron i+ 6.4} 59) 16) 34) 12) 18 
60} 16) 34) 12) 18 
Sault Sainte Maric... 6.4) 50) 16) 28)\— 6) 27 
j+ 8.0) 66) 15) 39) 17) 17 
Green Bay 3+ 8.4) 57) 15) 33) 20 
Milwaukee. . + 8.5) 62) 15) 36; 13) 17 
+ 5.4) 44) 13) 27|—16) 19 
North Dakota. +12.9 
Moorhead ...........-- +12. 2} 50) 27) 19 
Bismarck............. +14. 5| 59 12) 35|—13} 19 
Devils Lake..........- +10. 9} 42) 27; 24)—20) 19 
Ellendale. ............/1,457| 10} 56) 28.40) 30. 01)......| 22. 2)...... 58} 12) 34/—11) 19 
Grand Forks..........| 12) 14.6).....-. 43) 15) 25|—20) 19 
+14.1) 54) 12) 33|—13) 6 
Upper Mississippi 
Valley. + 8.7 
Minnea 28. 98) 30. 00 63) 15) 32;— 6) 19 
29.11) 30.04,—. 8.8) 61) 15) 4) 19 
La Crosse. ............ 29, 30.05)— . 8.1) 65) 15) 35) 19 
28.97) 30.07) . . 4+ 6.8) 63) 15) 34; 8] 17 
1 .| 28. 65) 30. 03 49) 16) 30/— 3) 27 
Charles City........... 28. 94! 30. 06 26. 2|+11. 1) 64) 15) 36) 5) 9 
Davenport...........- 29. 38) 30.07;\— . 32. 9.0} 73) 15) 41) 12) 17; 
Des Moines............ 29.10) 30.04;—. 33. 9.1) 75) 15) 43) 12) 17 
29. 30} 30. 08|— . 29. 8|+ 8.2) 68) 15) 38; 10) 17 
29. 38) 30. 07 36. 7|+10. 74; 15) 45) 16) 17 
3) 29.69) 30. 08 42.7\|+ 5.1] 14) 50} 22) 20) 
5} 29. 39) 30. 07 34. 4/+ 9.5) 15) 42; 13] 18 
29. 36) 30. 06: 37. 5j+ 8. 4) 69) 15) 44) 18) 20 
29. 48) 30. 06 38. 9.8) 74) 15) 47) 19) 20 
29. 44) 30. 06 42.1|+ 8.6] 73) 15) 50} 23) 20 
Missouri Valley. 35. 8) +11.5 
Columbia, 29.20) 30. 06 40. 2}+10.1) 74) 15) 50) 20) 20 
Kansas City........... 29.00) 30. 06 40. 7| +10. 6| 73} 50} 20} 20 
St. Jose 28.98) 30. 04 73] 15) 48) 19) 20 
Springfield, Mo....... 28. 64| 30.07 42.4/+ 8.8} 75] 14) 52) 19) 20 
ab 29. 00) 30.08 41.8)\+ 9.8) 75) 13) 54; 18) 20) 
39.8'+ 9.8) 76) 14) 50} 19) 20 
Drexel < 28. 61 70} 15) 43) 9 7 
28.74 —. 06) 36.4/+11.6) 74] 15) 11) 7 
Omaha d 28. 84 —.05) 35. 8)+12. 15) 45) 12) 19) 
Valentine. ...........- 27. 26 —.04| 31.8/+ 10.6) 66) 28) 43;— 5) 7 
Sioux City 28. 80} —.06) 30.8/+11.0) 67] 15) 40) 5) 7 
Huron 28. 61) —.06) 27.4/+14.5) 66) 15) 39;— 4) 19 
—.08) 32.3'+16. 4) 66) 15) 45/— 3} 19 
07! 30.4412. 2| 66] 15] 3] 7 


dew-point. 
| Mean relative humidity. 


more. 


normal. 


Mean temperature of the 
Days with 0.01 or 


Mean wet thermometer. 
Departure from 
| Total movement. 
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Wind. 
— 
3 
3 
an 3 
sw. 40 
sw. 36 
n. 32 
nw. 43 
sw. 56 
8. 44 
sw. 40 
w. 40 
w. 38 
nw. 37 
sw. 34 
nw. | 43 
sw. 39 
w. 30 
sw. 32 
sw. 43 
w. 
Sw. 48 
w. 34 
s. 42 
ne. 47 
nw. 51 
sw. 42 
sw. 51 
w. 35 
w. 50 
w. 42 
s. 30) 
w. 
28) 
e. 
w. 25) 
w. 41 
Vv. 39 
Sw. 
sw 38 
se. 46) 
w. 50) 
Sw. 56) 
w. 35) 
nw 44 
33) 
nw. 48 
nw. 4s 
nw. 53} 
e. 52) 
w. 36 
43) 
se. 52 
s. 
w. 40 
nw 40) 
w. | 
| sw 35 
nw 25 
A 35 
Ss. 45 
s. 27 
w. 27 
Sw. a7 


sw. 
Sw. 47) 
nw. | 42) 
Ss. 39) 
32 
n. 
nw. 53 
Ss. 58 
nw. | 36| 
w. 


42 
nw. 50 
- | 36 


at end of month. 


Average cloudiness, tenths. 


Partly cloudy days. 


Direction. 
| Snow, sleet, and ice on ground 


‘Date. 

| Clear days. 

| Cloudy days. 

| Total snowfall. 
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st 


~ 
3 
~ 
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wa 
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PNONSONN 


NPN 


PP PNP PMN 
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aad 


Seow 
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PN 
HAsss 


NK 


| 
| 16] 5,716 Ww. | 10} 1 
| 14) 4,314 10| 8 
| 9) 6,746) 10} 12 | 
| 12} 6,859 w. | 26) 6 | 
| 14) 9,732 Ww. | 16) 4 
| 87633 w. | 16) 5 
| 12| 8,139 Ww. 16] 4 
9 | 1 
34] 6,972 w. | 221 1 
| 82 2 12 10 8, 118 w. | 16] 3 
~ 0. 658| | 16) 4 
31; 28) 79) 0.1) 12] 4,108 Ww. 3 
34] 30) 75| 1.1] 13] 4,220 w. | 17] 6 
28 74 - 0.9} 13] 8,093 
— 15/11, 537 w: | 28 
— 1.2} 12) 7,069 | 17 
14) 7,607 Ww. 
+ 0.1) 13) 6,109 | B | 
17\+ 0.7} 16) 7,694 w. 17) 
1.0} 12) 9,18) pie 
19\— 0.4! 9, 257 16| 
13] 8,374 w. | 16 
0.5 13 9, 381 | 17] 
b4|— 11) 8,056 w. 16, 
| | | 81 0. | | | | 
23} 20) 82} 11) 7,507 w. | 16 2 8) 7) 1.0 
¢ ) | 5 59 « j 
27) 24) 77) 10) 4,31 | 16) 6) 17) 2.0 
20+ 1s) 6,027 ne. | 26) 6} 6) 
24) — 14) 4,661 16} 2) 5 21 1M 3.3 
26| 23) 81) 14) 7,232 w. | 16} 4) 6) 2.8 
21) 19 84] 11) 7,071 w. | 16) 1) 4.4 
26| 24) 84) 11) 7,880 17/5) 7| 16) 9) 5.0 
7 26] 22) 22\— 0. 10) 6, 135 w. | 16) 4) 6) 18) 6.0 
15, $2) 16) 5,029 w. | 16] 5) 15) 5.0 
26) 74] 6, 8,535 16} 17/87 0.0 
23} 19| 75| 0.9) 9) 6,788 w. | 16} 2) 6| 2.9 
28 24) 76) 0.47\— 1. 8| 7,071 16} 2} 6} 20 0.4 
15] 88} 0.8) 7 7,771 w. | 16) 7) 9) 12, 3.0 
| 0.0 | | ha 
15) 0.1 , 169 16. 5) 10) 13) 6.0) 0.1 
20) 15] 76) 0. 354 w. | 16) 12} 9.5.3) 2.3) 00 
t} 14) 12) 88} 0.1) , 16} 6} 14) 6.3) 5.1/0.2 
peed | 16) 13) 6)-5.2) 2.3) 0.0 
iw. | 16 11| 10) 7.5) 1.5 
: 19} 14) 74 0.1 890 iw. | 16 ‘| 10 2. 9) 0.0 
77 0.9 
0. v. | 16) 
0. , 874 hw. | 16] | 
3|— 0. , 682 bw. | 16) 
87 1. , 432 | 26} 
“876 1w. | 16) 
) 78} , 478 16| 
| sw. | 15) 
, 517 Ww. 16) 
w. | 16) 
) 74) + 0. , 104 1e. 10! 
83) 2 "010 w. | 17] 
| 79} — 2, , 903 16) 
B| 68 —1. s. 58] s. 15 
| 22 ~0.6 | | | 
_ 6, 048) sw. | 16) 11) 9 | 
35) 28) 64 —1. 8, 453 nw. | 11) 13) 7} 
5| 33) 26) 6, 271 w. 16| 13) 
36) 31) 70) —1.4 426 nw. | 24) 4| 
—1.0 | 152 Ss. 15} 11) 10) 
—1.2| s. 15) 13) 9) 
29) 25) w. 16| 11) 10) 
32} 76 w. | 16 10 9 
31} 25) 69) nw. | 16 11 9 
28 23) 73) 3 | 209 nw. | 16) 10) 12) 
27| 23) 75) |B | nw. | 15) 13) | 
7} 23) 20) 77] 4 | 9,851 w. 16; 14) 9} | 
23) | nw. 16) 8) 10) 1 
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110 MONTHLY WEATHER REVIEW. Fesrvary, 1921 
Tasie II.—Data furnished by the Canadian Meteorological Service, February, 1921. 
Pressure. Temperature of the air. Precipitation. 
Altitude 
on Stati Sea level 
mean * ion eve 
Stations. sea level, || reduced | reduced | Mean Mean Total 
Jan.1, || to mean | to mean frem mean from maxi- mini- | Highest. | Lowest. || Total. from | snowfall 
1919. of 24 of 4 normal. || min. +2 | normal. | | mum normal 
hours. hours. 
Inches. Inches. | Inches °F oF; °F. Inches. | Inches. | Inches. 
88 29. 91 30. 02 +.07 22.2 — 0.2 31.7 12.7 43 —6 3. 92 —124 18.7 
65 29. 94 30. 02 +.03 20. 5 — 5.3 33.0 18.1 43 2 4. 20 —0. 54 31.2 
38 29. 98 30. 02 +.07 14.3 — 3.3 23.6 5.1 37 —10 3. 35 +0. 29 
28 30. 04 30. 08 +.12 12.7 + 0.2 26.0 —0.5 43 1.88 —2, 28 16. 3 
Father Point, Que 20 30. 06 30. 09 +.11 12.7 +12 19. 4 2.0 36 19 0. 72 —1.49 7.2 
muebec, Que........... 296 29. 74 30. 08 +. 09 14.1 + 2.3 22.6 5.6 38 1.20 —2. 07 11.4 
ontreal, Que......... 187 29. 85 30. 07 +. 05 18.9 +44 25. 7 12.0 40 00 1. 20 —1.87 .1 
Stonecliffe, BN a ae se 489 29. 43 30. 07 +. 06 12.0 + 2.1 26. 6 —2.5 48 —24 1.74 —0. 26 16. 2 
236 29.82} 30.01 —.O01 18.7 + 7.0 28.5 9.0 44 1, 22 —1.47 11.5 
285 29. 74 30. 06 +.02 25. 5 + 7.7 32.9 18.1 50 6 1,04 —1.50 9.4 
29. 63 30. 06 +.02 28.5 + 7.0 35. 4 21.6 53 | 7 1.34 —1.27 11.6 
White River, 1,244 || 2861 | 29.99 | —.03 a6) a8) Lis | 
Parry Sound, ‘Ont 688 1.91 —1.01 19.1 
644 1 +0. 18 9.8 
i 760 2. 52 +1. 54 
i 


SEISMOLOGICAL REPORTS FOR FEBRUARY, 1921. 


W. J. Humpnreys, Professor in Charge. 
Weather Bureau, Washington, D. C., April 2, 1921. 


TABLE 1.—Non-instrumental earthquake reports, February, 1921. 


| 
| Approxi- | 
| mate Approxi- PPTOX1-| Intensity) Number 
Day. | bell Station. eon Rossi- of — Sounds. Remarks. Observer. 
wich latitude. tu Forel. | shocks. . 
| ¢ivil. 
1921. | COLORADO. 
orl See. 
6 6 15| St. = 38 45 | 106 20 5 Observer awakened ............. 8. L. Taber. 
or 38 106 20 3 2-3 2-3 | Explosion......... HB. Vandervelde. 
22k  _ | 38 37] 106 20 5 2 L. N. Felton. 
S Wi Himo................ 38 45) 106 20 5 3 3-4 |..... ode in St. Elmo | D. Clark. 
} elt by several 
17| 1 45| Garfield................. 38 37| 106 20 3? 2 3ca. | Rumbling........ N. Felton. 
28 | 38 37 | 106 20 3 1 Do. 
27| 17 00}..... | 38 106 20 3 1 Do. 
ILLINOIS. 
27 37 (00 89 95 3 1 19 | Rumbling......... J. F. MeGruder. 
OREGON 
area 6 by 12 mil 


| 
| 
| 
| 
f 
| 
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TaBLE 2.—Instrumental seismological reports, February, 1921. 
(Time used: Mean Greenwich, midnight to midnight. Nomenclature: International. For description of instruments and stations, see REvigw, Jan., 1921, p. 47.] 


Amplitude. Amplitude. 
Char- Period Dis- Char- Period Dis- 
Date. acter. Phase.| Time. T. tance. Remarks. Date. acter. Phase.| Time. T. tance. Remarks. 
An | Aw An | Aw 
Auaska. U.S.C. & @.S. Magnetic Observatory, Sitka. District or CoLumBiA. Georgetown University, Washington. 
1921. H. m.8.| See. km. 
1921. | H.m.s.| Sec. |p | Km. Feb. 
Fw....| 16 99 — 8 38 22 
8 40 27 
| 8 42 27 |. 
Arwona. U.S.C. & G.S. Magnetic Observatory, Tucson. 
1921. H. m. s.| See. Km. 
| Pe....| 8 27 48 sas P very clearly 11 22 57 33 .| Heavy micros. 
| Pw....| 8 27 44 2580 | marked. 23 03 — 
Mz....| 8 35 10 
--| eLw...| 19 11 49 Nothing on EW. 16 11 — Very heavy micros. 
Mg....| 16 11 20 12 20 
quake. 
Sa....- Very heavy mi- f 
Le...-| 18 59 07 cros. 
Mg....| 19 00 35 25 40{ 10 }....... 
CaurrorNia. Theosophical University, Point Loma. 
| VERTICAL..| 
Lz....| 19 15 05 


CoLoravo. Sacred Heart College, Denver. ; * Trace amplitude. 
District or CotumBia. U.S. Weather Bureau, Washington. 


Apparently local; 1921, H. m.s.\ Sec. B B Km. 
Felt by many in Feb. 8 27 20 | 3400 
Gunnison, Sal- Mz....| 83820|....... #19000 
ida, ete. 8.87 20 
Activity at inter- = 10 
Doubtful as to be- 
| | in motion near. 21 P: 11 59 08 
37 | P 18 46? P not clear. F..... 12 
\ 19 16 — #500 | #400 
be 18 36 47 |.......|.... 10000 
L.....| 19 07 10 
*Trace amplitude. 


: 
3 
de 
| 
aya 
| 
Meath: 
| 
EXE 


112 MONTHLY WEATHER REVIEW. Fesrvary, 1921 
TaBLe 2.—Jnstrumental seismological reports, February, 1921—Continued. 
Inurnors. U.S. Weather Bureau, Chicago. New Yorx. Cornell University, Ithaca. 
1921. H. m. 1921. H.m.s.| See. Em. 
Feb. 4...)....---.| P-.... 8 25 05 P and S well de- Feb. eP....| 8 28 50 
L?....| 8 41 05 Record difficult to 8 37 30 
Meee 5 59 30 
F..... 6 ca. 16 09 31 Earlier phases 
10 |....---- eL....) 20 37 .. | strong micros. 
F....., 21 10 ca, 16 35 35 ...| F lost in micros. 
Il eL....| 0 43 30 19 43 22 Merges into L 
L..... 0 47 30 @......| 19 46 41 ...| Waves 
0 55 30 period of 
F..... 1 35 ca. sec. F Tost 
eL....| 22 54 30 
F..... 23 20 .. ePa...| 18 42 08 
15 11 34 
L?....| 15 28 40 
| New York. Fordham University, New York. 
| 18 35 30 1921. ls 
S...---| 18 44 45 Feb. 4 
19 15 5 
L.....|. 29 45 .. 
21 10 ca. 
_ 12 10 C8, able. 
16 13 46 *4000 | *4000 a second quake | 
19 43 10 #3500 | ¥3500 |....... able. 
ZONE. an Canal, Balboa 
Ms....| 8 26 53 |.......| #2000 
1921. H.m. s. My..-.| 8 32 41 
.-| €Px...| 8 28 12 Phases very well 9 00 00 
eSw-...| 8 33 21 known. 
Lg....| 8 37 04 Mg....| 32809 /....... 
eLy..-| 8 37 51 My....| 39806 |.......)....... 
8 48 — 
Cy....) 847 — dt 460ca | Direction un- 
1921. H.m.s.| Sec. | gp un | Km. 27 P 18 48 00 Indistinct 
L.....| 8 32 12 Honduras. * Trace amplitude. 
cros on NS only. 
| 
Ly....| 18 48 24 |....... P and S masked by 
Lw....| 19 O4 42 |....... local interfer- 
19 09 — |....... ences. 
F.....| 19 45 — j....... 
| 


i 
i 
| 
| 
| 
| 
| 
| | 
| 
| 
| 
7 


Fesrvary, 1921. MONTHLY WEATHER REVIEW. 113 
TasLe 2.—Instrumental seismological reports, February, 1921—Continued. 
CanaL Zone.—Panama Canal, Balboa Heights—Continued. Canapa. Dominion Observatory, Ottawa. 
200 Kg instrument. 
1921. H.m. 8. | See, Km, 
1921. P ee eee 8 29 11 
Pg....| 8 25 40 Direction prob- owe 
Ly....| 8 31 51 90-08 
4 HALIFAX RECORD. 
Fg....| 9 02 00 
Porto Rico. U.S.C. & G.S. Magnetic Observatory, Vieques. ete... 0 18 48 
0B 
1921. H.m. s.| Sec Km. 
Tee. Pg....| 8 28 20 2560; Phases well 
Ly....| 19 18 55 by wind tremors. 
Mg....| 19 20 22 18 
My...-| 19 21 40 
Fg....| 19 25 — |.......].... 
| Vermont. U.S. Weather Bureau, Northfield. 
| 1921. H.m. 8. 
| 8 29 12 
8......| 8 34 25 
| | L?....| 8 387 45 
} Mw.... 8 45 00 
. 9 25 ca F.....| 12 04a. |....... 
| F.....| 16 30 — Miwsy | 16 14 to 
16 25 — |....... | 
16 35 30 M2wav! 16 34 to mask much, i 
F.....| 16 50 — 16 45 { 
19 43 30 
wav -| 19 43 05 |....... --| pearance i 
| L.....| 19 21 — 
*Trace amplitude. SR1...| 18 57 38 |....... j 
LR1..| 20 35 — ined 
4 
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TaBLE 2.—Jnstrumental seismological reports, February, 1921—Continued. 
Canava. Dominion Meteorological Service, Toronto. Canava. Dominion Meteorological Service, Victoria—Continued. 
1921. H.m.s.| Sec. | Km VERTICAL. 
Feb. 4 |.....-.- +-4 3810" T H.m.s 
P.....| 015 40 Mz 0h33m00s, per. 
iL. 8 39 48 0 21 20 sec., Az pe 
0 34 51 
_ ?1 Ol 54 
6 Early phases 
10 |......-- 30 00 |....... #200 Mieros going on. 18 28 
0 49 18 46 00 San Salvador. 
?2 00 30 |....... ing on. 21 
L?....] 15 50 54 ]..... Micros going on. 
Micros 
an _ 520 | Very similar to 
a1 |...----- L..... 19 26 09 j....... previous quake. 
15 56 12 18 35 07 
to | EE Japan or S. Amer- 
15 59 12 |......- ica? 
eL.... 
16 41 36 |....... 
Reports for February, 1921, have not been received 
from the following stations: ‘ 
*500 AvaBAMA. Spring Hill College, Mobile. 
19 a2 New Yorx. Cornell University, Ithaca. 
1921. | H.m.s. | Sec. Km. 
20 56 24 | 
Dec. 10 4 
Micros. 
1921. Beginning of P lost 
Feb. 4 in micros; inter- 
mediate phases 
indistinct. 
6 
10 
*Trace amplitude. 


| 
| | 

| 
| | 
| 
| 
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Chart I. Hydrographs of Several Principal Rivers, February, 1921. xLix—19. 


I~ stations bi 123 4 5 6 7 6 9 1011 1213 14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 bi STATIONS Y 
36 36| VICKSBURG 
35 35 
34 
33 33 
31 \ [ \ 31 
30 X | 30 
29 29 
28 |} 28} CAIRO 
26 ‘ aR 26 
| 25 f at 25 
| 24 
| MEMPHis 
\ 
20 SHREVEPORT 
+ J 
197] 19 
NASHVILLE |), S af 18 
f ALI, 
/ / J | JOHNSONVILLE 
SHREVEPORT| | q J 
MEMPHIS | 14 14 
LITTLE Rock 
NEW ORLEANS 
12 bad 12 
| A ( 
JOHNSONVILLE ||! 
LITTLE ROCK 10 \ 10 
NEW ORLEANS 8 
6 7 6 | ST. Louis 
st. Louis| 5 5 
4 4 
KEOKUK | +N in ) iN KEOKUK 
0 0 
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TYPHOONS IN THE FAR EAST DURING 26 YEARS. CHART X 
February, 1921. M. W.R. 


198 10 116 $20 138 140 145 


| TYPHOON TRACKS | 
/ | 


a 1893-1918 OF. 


| AUGUST 1~9 


AUGUST.—Three charts: 92 tracks; three or four instances every year. 


| First decade: 1-9.—28 storms.—The ensemble of the trajectories executes a vast oscillation to the eastward: the visits 

| to the Gulf of Tongking are less frequent, and the whole of the China Sea is nearly free, to the South of Hainan. On the 

| rontrary. the centres appear, more numerous, between the Bonin group and Japan, and the paths they follow are recurving more 

i frequently at sea. along the 25" parallel, in a fairly wide space, between the 135" meridian and Formosa; some are even advanc- 
ing, in a NW direction, pretty far inland, and reach their apex near the 30" parallel, between the 115" and the 120” meridians,’ 
where they start again towards the NE. 

During the present period, the whole space from Haiphong to the Bonin is open to the incursions of the dreaded visitors, 

the Formosa Strait and the Korea Strait having their preference. Some of them strike the coast, between Amoy and Wenchow, 
to recurve on land, and appear again, with a new energy, on the Yellow Seaor the Gulf of Pechihli. We may notice that, during 
the decade. the isobars 758"" and 760°” have receded a little towards the East: it is in accord with the motion of the tracks the 


same way. 
[Repreduced from Atlas of the Tracks of 620 Typhoons, 1893-1918, by Louis Froe, S. J., Director, Zi-ka-wei Observatory’ 


Zi-ka-wei-Chang-hai, 1920. ] 
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AUGUST.—Three'charts: 92 tracks; three or four instances every year. 


Second decade: 10-19.—32 storms.—A new grouping of the trajectories takes place visibly during the middle of the hottest 
month. Deserting the extreme East and West, they gather in a dense bundle, a kind of fan, having this time its handle mid- 
way between the S. Philippines and S. Marianas, and the edges, drawn on one side over Hongkong, on the other across southern 
Nippon and the Kii Channel. It is one of the most dangerous periods in the Formosa Strait, the Eastern Sea and at the mouth 
of the Yangtze. It is important to note how the Philippines and the whole of the China Sea are almost entirely out of the 
dangerous zone during this time of the year. The tracks that recurve towards Japan, in great numbers, have now their apex 
or turning point on both sides of the 130" meridian and in the neighbourhood of latitude 30°. 

We must remark here a deep change in the arrangement of the pressures: while the spur formed by the isobar 758”” has 
come back to the vieinity of Luzon, two distinct areas of low readings have developed astride of longitudes 120° and 125°, the 
gne enveloping Formosa and the Channels South of it, the other having its middle axis along the coast of Kiangsu with a N-S 
direction and covering the whole western half of the Yellow Sea. 


{Reproduced from Atlas of the Tracks of 620 Typhoons, 1893-1918, by Louis Froc, & J., Director Zi-ka-wei Observatory, 
Zi-ka-wei-Chang-hai, 1920. ] 
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AUGUST.—Three charts: 92 tracks; three or four instances every year. 


_ Third decade: 20-31.—32 storms.—The opening of the bundle or fan formed by the tracks is a remarkable feature of the 
end of August. The middle of it is less dense, and the trajectories traced by the centres are gathering more towards the edges 
which glide on one side as far as the Gulf of Tongking, on the other on the Marianas, the Bonin group and the eastern shores 
of Nippon. The Formosa Strait remains a very dangerous place, but we must note that the storms in the middle of the fan, 
appear to find it more and more difficult to reach the coast to the N of Foochow, and many of those which come inlahd between 
Foochow and Hongkong are exhausted and die away after short life on the Continent. 

One feels that the great Asiatie anticyclone is slowly approaching, and its advance though still distant, is gradually barring 
the way to the tropical depressions, and preparing a rent in the middle of the fan by bending the tracks, on one hand towards 
the southern provinces of China, on the other towards Japan. The isobaric line 758°" which kept on eastern Japan during the 
middle of the month, has travelled an immense way westwards, bending across Korea and the Gulf of Pechihli; at the same 
time the two depressions of the Chinese coast are at a higher level, and have coalesced into one single elliptical area, between 
lat. 18° and 30°, long. 118° and 127°, with Formosa just in the middle. 


[Reproduced from Atlas of the Tracks of 620 Typhoons, 1893-1918, by Louis Froc, S. J., Director Zi-ka-wei Observatory, 
Zi-ka-wei—Chang-hai, 1920.] 
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_ sPUBLICATIONS OF U. WEATHER BUREAU. 

A list of publications of the Weather Bureau, with prices, can be obtained on application to “Chief, U. S. 
Weather Bureau, Washington, D.C.” 

Bioperine for MonTHLY WraTuer Review are at $2.50 year. Single copies 25c. Send orders to Superin- 


tendent of ments, Government Printing Office, Washington, D. . 
DETAILED CLIMATOLOGICAL DATA. 


Detailed climatological data for the United States and its outlying territories are collected and published in the 
monthly port Data,” issued at the Section Centers by the respective officials in charge. They 


may be secured from the Superintendent of Documents, Government Printing Office, ahi Ae | <i 
A monthly volume, collecting under one cover reports for the entire continental United States, is issued, as 
above, at 35 cents per copy; or subscription per year, 12 monthly copies and annual summary, at $4. Pe 
Single sections, 5 cents each, or one year, 50 cents. . 
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